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PREFACE 


Tfe.» bxk b»i been wi,ti*n la lb* ttqtsittfnnl* cl lb* 
tiodrctt wVoat* ftipJtifa let R Sc ratter SECOND YEAR AND 
THIRD VCAR cf tin Tbtr* Year Degree course ejim'rafior*. 
TMa beet l* a rredrtt attrirjt to rimer the »»inin-JBiil 
pftwJjr* is the most simple eoJ lucid stjlr. Studcrts will lied 
tH* tmtm^ot helpful la th» n»«ai day Jsbxta'my cctdtlot*. 
Tb* ttniwilit fcsrthtt lea tolumteortt ec« loo UtUI. The beck 
pjtieuri tS« fallowing sperisl features : 

1. A ln;i cumber of rrlfosrlaMiery diagrams iDCorporsi'irf all 
pV.yiicxl principle* IK included. An elaborate deictrplicn of the lpr» 
run* hat fcutn fivtn la (inlitite »>i> matupulatiea with a tit or la 
mall ta allowance fee various types of inittumecti tseJ for the iimo 
experiment Id different laboratories. 

2. N ternary and sufficient theory torceroin* the intelligent 
performance of an experirosrt hat been givers. 

J Method bat been described m lutb a treat detail and with 
such danty that a Undent will fiod it very aimpla to do the experiment. 
Detailed description will enable him la folly grasp the intricacies of an 
experiment. 

4. Cirar and systematic tablet have been drawn to taka various 
observations, 

5. Atlhe graduation stage students are expected to fully know 
the vatwut error* trade m doing an experiment, Ktepirg tbit fact in 
view, precaution* ard sources of error have been dealt with in details. 
Thorough an! exhaustive criticism hat been added to enable a student 
to know the procti t by which percentage accuracy can b« increased. 

6. Ora I questions in the farm of an exercise baa been added at 
the end of etch experiment. It is to ascertain whether the experiment 
has been completely understood. 

Defora beginning any experiment students Ore adviced to 
study cnrefully the introduction. 

NVe nre very much thankful to l'rof. 15. L. Jain. Drcf.Beharl Lai, 
I’tof. D. T, Chandwani ani Prof. T.N. Bhntnagar, for giving valuable 
suggestions in the preparation of this boot. Our thank* me also doe 
to our publiiheis Uamesh Book Depot end the printers, for 'bringing 
out thit book in such a thort time. Suggestions towards the improve- 
ment of this book will be highly appreciated. 
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INTRODUCTION 


Laboratory is the most important place (or a student of science. 
It ts the place where he verifies the validity of various laws governing 
the physical phenomenon. This requires preseverence. keen obser- 
vation and accurate measurements. Physics is a science of measure 
merits. Hence, more accurate the measurement of various entities, the 
neater the truth will be the result. 

For measuring various quantities, selection of proper units is 
essential. Three quantities are fundamental, ill Length, fill Mas* and 
(ill) Time. They are independent of each other. All other quantities 
can bo expressed in terms of theso three, cited above. For example, If 
we know the length of a box in three perpendicular d rections. its volume 
on be determined. Thus, it is neither necessary nor convenient to 
select independent unit for each quantity. In C. G. S. system, the unit 
of length is a cm., of mass a gut. and of time a second. Tbe respective 
units for these quantities in F. P. S. system are /oof, found and second. 
Temperature readings also involve the measurement of length of the 
mercury thread, which is proportional to the rise in temperature. It is 
expressed in degree Centigrade or Fahrenheit. All other units which 
can he expressed In terms if the fundamental units 3re known as 
dertied units. 

Measurement cf lengih : — The simplest and the most common 
way of measuring length is by the help of a metre scale or an ordinary 
foot rule. The accuracy obtained In such measurements is extremely 
limited. They can measure op to only t or O' 5 mm. For 
attaining greater accuracy vernier rca’es. ( terete gauges and sphere- 
meters tied are to be employed. They can measure lengths accurately 
up to C COt to ‘0005 cm. depending upon their least counts. 

Measurement of nun s — Mass can be measured niih fie help 
oi a balance. The accuracy of mass determination will depend upon 
the sensitivity of the balance used. Ordinarily, by an ordinary 
physical balance masses up to one milligram cm be measured. A 
chemical balance using a rider on be used to measure masses correct 
up to 0*1 milligram. Were much accuracy is not needed, a spring- 
balance can'also be employed for this purpose. 
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Measurement of time t-Conerally. time |, naarri «itl; 
help of stop-clocks or sle,p-xr a ( c he*. They can ordinarily meson 
correct up to I to 1/lOtfi of a second, depending upon their least cm 
SfMciaJIy made pocket stop etches can manure time, eren uf 
l/50th or 1/I00th of a second Time cm also be measured with the 1 
of a metronome, or a tuning fork Where high accuracy is to 
obtained, chruame trs are used. 

Getting ready for an experiment '—Before you begin a 
experiment, thoroughly study the principle involved in It At 1 
B. Sc stage the performonce should not be at all mechanical. It 
almost a sheer wastage of time to perform an experiment without t 
exact grasp of its full details. After knowing the procedure, careful 
study the formula which is going to be used for calculating the resul 
From the lormula find out the quantities which are to be measure* 
Knowing the quantities, determine the accuracy with which toe' 
quantity is to be measured. Accordingly select the apparatu: 
possessing the proper range. 

Absolute error and proportional error •‘—In measuring any 
quantity, it is the relative error which is more important than the 
abiolute error. The proportional error can be determined by taking 
the ratio of the magnitude of the error to the total magnitude of the 


quantity which is to be measured. More importance should be 
attached to reduce this proportional error present in the measurement 
of each quantity. As for example, in determining n by dynamicn! 
method, iadiu3 of the wire r should be measured more accurately t) an 
the length of the wire. Suppose an error of '2 cm. has been made In 
determining the length of the Wire which is say. 3C0 cm. Then the 
percentage trior committed in measuring this length will be equal to 
0'C6i>%. But a mistake of 0*002 cm. done in measuring the 
diameter of a wire tvhwh is say, 0*1 cm. will 1* 2%. Furthermore, 


Xho radius is to be I wised to the fourth power in the formula, this error 
consequently becomes Though the abtrlute error tmiJe in the 

determination of r ie much lee* than the error maJe in determining I 
fhe percentage error in the former cate it quilt large. It Is altogether 
useless to meas.ro one quantity more accurately, wl rn there is 
t S eonsSdfrcblo error in t“.e mean-rrmenl of other quantities, 
aa "final f*ramt3,/e error ii t‘e rsmlfmt effect of the error# pr®ent 
tie va/*7>;# quant ties in.oht* 1 . 7 hue, t "it final tt-uh wilt 
Z*an •eruratj "• * >’' •< petUMrl t» the lea„ 

ditermineJ quanh'j. Sm.UiSy, in drtwnfcfnj It wn 
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due to gravity by simple pendulum, the periodic time should 
determined mote accurately than the length of the pendulum. A cun 
of sbeh examples can be cited. 

Thus, first of all determine the probable percentage t 
In the measurement of each quantity, and then decide which qnan: 
are be measured to which accuracy. All the quantities must 
measured to the same degree of accuracy. The quantities u 
•involve grearer percentage error should be measured for a n urn be 
times, and precision Instruments should bo used to measure them, 
'that the percentage error is reduced to the same value in ail 
quantities measured. 

‘ Calculation of percentage error:— In order to determine 
percentage error, talce the logarithm ol the Quantity to be deterrr 
la' terms of the quantities to be measured, and differentiate, 
substitute proper values for the entities occuring (o this equ: 
•and calculate the percentage error. Suppose the volume 
cylinder is to be measured. Then. V = ~ V'l, where V is the vqJi 
D the diameter and / the length of the cylinder. Taking logs wo ( 
logV=log* +21ogD + Jogl 
Differentiating this eiaation we get. 



We aro using* vernier callipers to measure the diameter am 
length ol the cylinder. As error of one division can be mad 
read eg the vernier on either ride of actual coincidence Hence, the « 
probable error may be =0X1; cm- when the least count of the in 
mentis 0.01 on. Therefore ap=0pi cnq and $/»Q*02 cm. If V 
cm. and D=2 on; we have. 



dp is the error made is V. therefore, the Acrcmi 
error wall be. 

iro x ~r-= ~x**xi«j+-^| x ico 

» 2+*l 




tt I 

«« f* «»tir» in *»rf*rrn!mV^ the wfc*u* a *l 
A< h *■ f«J*'rt. thw (vfn**ta?» Mtif b rjCit^ Intfi in the R*«mr*f'!«* e 
iT.vn*!*t. TV*: *f 3i *, rvnt* n' >»*rralKj^ •!<o<tf4 V» taken 1iJ tr«awf* 
Afld n mewf of rttwilk-r l^«t const §f-ouW I* tw*«f. 


Pitiofiil met* m*d« (n taking obienratloQt—’lho »««"»* 
Of the fr^ult ft! H <i*;*rt<!<; upon tl* irtJiri.tfitl fir/grmlnt /A# #r£<ff‘ 
nu*it. A» for wtpjtr-n two different prrsonanre 

ptitm In the minimum delation jvmtion. As they powers tfif(ct® r '<* 
power* of Judgement, tfe setting may t>e slightly different, jmdtis 
value* obtained liy the two jwn-am for the angle of minimum deviation 
may differ, J.vrn the two oWryntiofa taken by the sim p*rwo 
•may differ. There/att. f*i'r ptrton.it factor intr&tucei tom* trror. To 
minimise tbit error, observation* for the same measurement are 
a uumler of limtt. Arithmatic mean u then determined. Even this 
nrSthmatic mean i* not completely free from errors. To farther reduce 
thh error, it is actually calculated. from Cauuian theory o/trron wt V*-. 


B= ' 6 , 4 V^- 


Where E is the probable error present In the mean value M.itho 
departure of each observation from the mean M, and n the number of 
observations taken for the same quantity. Then, the corrected value of 
M will be. M ± E. 

performance and recording of an experiment; — (1) Having 
learnt all about the experiment, select the apparatus of proper range 
bad get it issued. Before you start doing the experiment, see that the 
following things are recorded in your practical note book. 


. ( a ) : Day and date/ 

t - - 5 (b) .Temperature and pressure. (If they are needed) : 

( c ) Name ol the experiment. 

(d) Apparatus required. 

^ A neat and carefully drawn self-explanatory diagram, 
ai./’ftf)'' Necessary theory 1 . •’ _ 

Method (ft should be written in details, so that the revision of 

W C , nt come latter date may be easy.) t ! 

(A r 

^ leaving margin.) 
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4. Qtrtm a soteibfa mU t j r*pr»**ni r* h»-j mWS^ « tf,tI 
lh« Ml gf»rh fnp"f mar *" tmf. 

5. The origin of th* grtpfj i?m! Ml b* x*M. 

6. TaVa at W--t five ebservstiijn* coming /he Ml rang*. 

7. Tto points on gtapS should preferably be shown as 0. 

7. Wien you want to connect lhe«e points by mania of * art* 
try to As it In n smooth way. It is rot aeeeranry /or your « tfV9 * 3 
para throu jh ail the points. Draw it smoothly fai » such a woy ti 3t B 
passes through mu imam number of points. 

9. It is n I ways better to Anticipate from theory whethef T* 3 
expect n straight line, or a hyper boric curve etc. And draw it a cca tTtfgfr- 
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EXPERIMENT No. 1 

Exjxtitncat:— To determine Young's modulus of a bar (recLingular 
beam) hy bending (flexturo). 

Apparatus'— A few of rectangular ' cross- section, two strong knife 
placed on clamps, a scale pan at a bad feuiget, 6 to 8 weights of 
i half fcdo gm. each, a metre scale, a vernier-callipers, a screw gauge, a 

i travelling microscope. » needta or a pin oca spherometer, a gil/ano- 

1 meter, cell, key, connecting wires etc. 



Drtcnption of the apparatus' —It consists of rectangular bar AB 
ol the material whose Youngs* modulus (Y) is to be determined. Tbs 
bar Is placed on two rigid Voile edgts N and N* 

damped on the table. Trum the mid poist o! the , 

bar a taogw is suspended which can ca>ry the — * 

load as shewn in fig,(l) If tnicrcecoj-e'* lobe usad. - - . „ ^ ^ 

there is placed a frame at the centre o< the fox *■ ^ 

in wtjch is filed a bomontal wire as shown in /« l 

fig. 3. The wire serves as a reference, * 

Fig. 2 

When a sph urometer « used to find out the depression, the arrange- 
ment is as shown In fig- (J). Aft is the hot placed on the Vade edges 
N and K\ It cartes a land hanger suspended from hi middle pant. Just 
abate the trvllk peint is place*!. wther a srwtomrter screw er n sphero 
meter. The caettal leg of the sphnometet should taudi the middle jxr.ct 
where the hanger is flwnl. An elsSri: cwcai is %ha cads «-«■ 
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General Properties Of Matter [ Ex- i 


3 YJ 

For a rectangular beam I =i ^. where & and d is respectively 
breadth and depth of the beam. ' 


Wgl s 

Ybrt * 


.( 1 ) 


When the beam is placed on the knife edges and loaded inthemidd!'* 
ns is done in this experiment the reaction at each knife edgewillba Bid* 
acting in the upward direction. As in the neighbourhood of the 
middle point thebeam will be horizontal; it may be considered as equivalent 
to two inverted cantilevers fixed at thamMJlopiintand loaded at C and 
Das shownin fig. (6). The load Hah acts upwards alC and ZJ. Hence the 
depression can be obtained by formula (1) by substituting BIgh in place 
of Mg and lit in place of I, Here l is length of the bir between the 
two knife edges C and D. 



Method —1, Place the rectangutar boron the two knife edges syffl 
metrically. The two end portions of the bar r hi ch remain pcojoctw, 
beyond the knife edges should be e>jua). I’laca the bar in such fl NvAj 
ttat the depth remains vertical nnd its length Is perpendicular td thi 
two Vsife 

Determination of depression (e) a by microscope' — • 

2. Msrk the middle point of the bar and put a frame there. T1 h> 
frame has a horizontal wire fired at Its centre. The wire i* uand to 
detemine depression. A pm can also be fised In place of the wire. 

J, Sosprexl hangar irons lha miJMs Juki t efth&htT, 

Had V- C.O* the microscope. Focus it (so that its scale remain* 
vertical) on the wire or the tip of the vertical pin. Take fie reading 
oa'the microscope scale- I* eomf tafsf t'e initial sou Ting, la this cnvi 
t ij* fccsxanotjl «.**•**> ilciit «nineid* with t'.e 1 nag* of l fc « wire 



Ex. 1 ) Y by bending [ 5 

4, I’tau gently half kilo-gm. weight on th« hangar. Tha wire 
wall be slightly depressed. Lower the micnr-cope and again focus tt on 
the wi.-e. Again read the microscope scale. It forms the second 
rending. 

5. Coon increasing the weights in steps of half kilo gm. Each 
time after focusing the microscope in a similar way note the reading 
on its scale. The weights can be put up to 3 to 4 kilo-gm. [ If you put 
more weights the elastic limit mnybecrossed and the beam may not return 
to its original condition. The depression produced should not exceed 
two -thirds of the maximum permissible depression, within the elastic 
limit. The depression should be so small that the ends at the edges may 
be regarded fts horizontal]. 

6. Now decrease the load again in steps of half kilo-gm. Each 
time focus the microscope and take the corresponding reading, till the 
weight in the lumber is again zero. 

7. Find the mean reading corresponding to each load. 
Determination of depresaion by a aphcrometer'- — 

8. In this case first of all determine the least count of the ephenS- 
meter and put it on tlie bar in such a way, that its central screw iust 
touches the middle point of the bar where the hanger is placed. 

’ 9. Make the electric circuit as shown in f ig. (l). The galva- 

nometer will give deflection (or tha bulb will be lighted up) only when 
the circuit is completed j, e. when the centra) lag just touches the bar. 
Therefore, move the screw till you just get deflection, Use of voltmeter 
Is recommended in place of galvanometer. Galvanometer is to be used 
with heavy resistance in series. 

10. Take the reading of the spheromeler In this position when 
there is no weight in the hanger. It will constitute first reading, 

11. Now put half kilo-gm. weight in the hanger as before, the 
bar will be depressed. Contact between the central leg and the bar will 
ha broken. Consequently the current will stop. Move the central leg 
till it just touches the bar which will be indicated by the deflection la 
the galvanometer. Take the reading of the spherometer. This will be 
the second reading. 

12. As done in the previous case go on increasing the weights in 

steps of half kilo-gm.’ Each time move the 'central leg till it just 
touches the bar as before. Take corresponding readings of the 
spherometer, , iv 
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1J. Similarly tKrarw* the In-! again In step) of half Ilk'*"’' 
9« Ixrfaftf. and tnke the rorr-iponding nwewnry rending till the wetVd 
tit tha lmnj»r It A(iin tclucnl t-» wa. 

14. Similarly detrmino thn mean reading corresponding W 
each load. 

15. For both the ciim diseased above, determine depress'-? 3 
for two kib-gin. This can bo dona by subtracting second reading ftrtt 
the sixth, or 3rd from 7th amt so on. Determine moan depression fa* 
(mo kilo-gm. 

16. Maasura the distance between the two knife edges C and P« 
It gives /. 

17. Measure breadth (b) of the bar with the help of a vernier 
callipers. Do it at two to three places and then find out rr , raa (b>. 

18. Determine the thickness (d) of the bar with the help of a 
screw guage. d should bo determined at least at eight different places 
on the bar. Determine mean thickness d . 

19. Knowing all the necessary things calculate Y by formula (3! 
Sole: — Some times the depression is determined bf a optics] lerai 

II ts an extremely accurate method for the determination of depression 
Please see for this method In Appendix. 

Observations:— 

[/] For I; b; and d 

{ i ) Distance between the two kmte edges (/) 

(ii) Breadth of the bar (b'; 

V. C.= 

( 1 ) =...cm; (2)=...ctn; (3)— cm 

, Mean (b) = cm. 

, (,ii) Thickness of the bar fell 

fa. C. of the screw guaga = .cm. 

(!) —...cm. (2) =...cm. (3) =...cm 

( 4 ) =.. cm. (5) =-«»• (b) =-.cm. 

Mean d™ ... cm. 
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Calculation* —Alter tSo vol-** *.*■ w 

0 Cm: «ir»I t in tbs lomuluY a 4Sl » t V 

Re wlf — Y*... .Jrrws a"’. 

Sown of errnr and (rrrturion* —l A«U or nr»*>rr tV ■ tuf'.tj 
tlr u pj-w? i*. 

!. r»'J> t\* r i-nsnJTS O' !y ubtm t* • ••xt* « t'r pa !«rrr>si 
*•*3 t»V» tb* rrv'-x* m t‘» rfl-rowo?* «** rx/r?ul*r. Tt* 

»p* ».SyJ J not t» »' i*:»l vl i'i» TiVi^c ftriij r>o '. a.** It 
1» ta»/»l I! <- ny «»s wt« ti c*l 

U tw r>jv««! or.fy cso-m i!if«.'.rv t3 »oJ \ix l lit'- rrrar. 

. Ttro-fb out tb« rap»r pifrjt f>» tar #* njr» «i p« 

-t» tS» r k!-y»H »i2 Hs'ip. 

A» tb* tMnm(i)o! c* lit nr ta t 1 rJ pwr n 

-Ct. it »b>«l! t» iV.«rM«! **rj ; ►i-uratr’y If til ,rif c‘»»y- 

%S e-aV** tl T i »*^ A *~or .» jt» 4rm> kjv*u» « 

( «rrr» 4*' ^ rr» 4a re df*«rtn atlx*. of V. 

A* )l,*Ar"« J»* *'«•« »t«v*4n r* -m*U 2 J 5 *3 *■»- (« 

\S V* *'• «•-'■»» *-»* t k.t Im 1 - — -i-‘ 

:'•»> t« 
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Mod|fic»tlo n * - 1 | 5 f - w 

• •lcn.«d,.l,,,r,, cl ,,., t|mofy 'W't <»>»<« h.d «*ftft» 

2 - P*we tint v e rf fPfe i . 

lu mid-point I* Inrrrari. P ,f, dticfd hy f on din; tfci/K 
tltteln-ts. • e ' r P">r"rp,|.,„ jf fo #fce Cotw cffcl 

Cniclam anil ptrcenrage accuracy — 

Vy in ram o/ a microscope . 

mioly up to 0.0002 cm. only, /f p ^ ,on ran be determined aror 

screw of pitch J mm.nnd L. C."=o otaT " <,ef:ired mlenrret:T 

exists friction between the tor „ n 'i “ houM *" em P :o * e ' lL A»^«* 

Though we assume that one end „ ?**' ^ ^ * ntM 

bonm should be very Ihht and no , w not vef y corr«:t. The 

weight, but this is „ ot always zero, sfthfl’ ^ ^ Placo W ‘“ 
beam this point should always be borne w mfoA * Mm * ° f , th9 

Oral Quesilons* — I. Define Y , , — • 

todtos, clastic limit, dcslic laiimc.'t"",,"'’ "” d d 

2 . How depression is produced ? 3. What “ fress • Tn ‘ , !traiB ' , 
many ways can you measure the depression 3 C ? auUveT ? 4 * In fctw 

*- «» > * „ u. a jrcrrf, r ■w: r 

“» 7 6. Why yea measure <d) „ ^mtef, 7. w* 

oedhow will you lied this in, panic,.,, ' 

know that screw is just touching the bar » 9 Hn , w I ™ 

temperature? 10. Why the girders are so ^ ^ 

pcttiocs arc cl much smaller «Hth ,ta„ *. „„„„ „„ ^ 

“Always find ou! 



EXPERIMENT No. 2 

experiment: —To determine Vo-mg'n molulus (V), modulus o( 
rigidity (n), nod Poism'ii ratio ('^“) ol a material ofa wife by Snrla'* 
apparatus. 

Apparatus’— A thin wire ol about 25 cm. length and t ffim. 
diameter of the material whole Y. 1 uni <T are to be determined, two 
inertia bar* of recto rv-ihr or arsdlar cross-sect oo fitted with clamp* 
nnd screws, a stop watch. a vernier c-lUpers. thread, metre cole, weight 
bo* etc. 

Description of the apparato# — A D aad CD are two Identical lienee 
bar* ol either circular or 
McamjoWx ooss-*ot>oi. The 
experimental wire w hose 
elastic constant* are to be 
determined (in jWt y coiawVd 
to tbeir cen’res C and T by 
clamp*. The liar* ere 
tr.ipcnAd by two lortvso Vw* 
vertkisl thread* from a npd 
*njy*c»t a* shown in fig. ( 1 ) 

The le.fi wroa-a t-soviVi 
to ea.ii ot v «r «*>J prepo x*i 
<vlw to t‘* am of t'-e 

r*. i 

Tbmfr :*1) the nh A aad C o' the two hoi are iIj'.’Jt patW 
ir^Cfs t'fOajh e.ual ds^o**, V* ».-r oleat jo Jo the fora ed * 




<*e*wal lY*p»r!h* of 


eircuhr arc a« *hawn in 
Jig. 2. If th« bars nn I 
re!«uwl they ltv , vlbralln* I 

'n 0 horizontal piano on q 

naountof a couple exerted 
on thorn by the wire nnd H 

vice-versa. I 

tt M is the bending 
moment of the nire and the 
couple exerted by it on oach 
of the bar. Y the Young's 
modulus of the material of ] 
Wire, K the geometrical __ c 
moment of inertia of the Mire 
on<l R the radius of the arc, mo have. 



20 ( ii ) where I 

the length of the wire and 0 is the angle through which each bar 
deflected from its mean position. 

From eg ns. ( i ) & ( ii ) we get. 

,, = YK29 


It produces an angular acceleration • rf -, ~ in each bar. and there - 
fore, if I is the moment of inertia of any bar about a vertical axis 
passing through its centre ofi gravity. we have. 

r d ' 9 — * i ' Wr * e 


Hence, as acceleration is to displacement ^motion lis simple 
harmonic. If. 1\ is the periodic time of each bar It will b* 
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- in 


II the bar is of rectangular cross-section, 

fa’+b 1 ! . « llVaere M istbe massof the bar. 
^ I'"'" « is the leagtbqf the bat, 

b is the breadth ol the bar). 


IJ the bar is o{ circular cross-section. 


...ft) 


tVVnere M is the mass of the 
bard is the length of the bar, 
R is the radius of the bar} 



Now the suspension threads are 
removed and one of the bars is 
clampol horizontally to a rigid 
support. S3 that the other one is 
suopanded vertically below it at the 
other end of the wire. The suspended 
bar is if turned in the horizontal 
plane twists the wire, on releasing, 
the bar executes simple harmonic 
tortional vibrations. 

U Tj is the periodic time of 
these oscillations, we bate. 


Fig 3 

Yfcere C i* the couple per unit twist set up in the ware. It *% 


C » , Where t is t v e modulus of regid-fy. 



From eg us. 4 and 1 we get, 

y „ jr,’ 

^ T,’ 


But Poison's ntwftr} ~ —I 
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Method — To determine Y- 

1. Take the experimental wire. Fix its one end to the 
'point of one o£ the bora, and the other end to the middle pok* & 

another bar. By the help of two vertical threads suspend these lx* 5 
from a rigid support : s shown infi 1. The bars must remain honzontd 

2. By the he', of a stand put a horizontal pointer faftoatof 
one of the bars. To attain better accuracy make a mark on the bar 
put the pointer across the mark. 

3. Bring slightly the two bars together as shun in fig. 2 
slip a loop of cotton thread over them so that they remain in ^ 
deflected position. The curvature of the wire should be very “nri 
■ otherwise the theory will fail. 

4. Burn the thread. The bars will begin to oscillate. When the 
mark crosses the pointer start the stop watch. Determine time for 20 
25, and 30 oscillations. Determine time for the same number of <> sc * 
llation* at least tw ice. Then determine mean periodic time Ti 

5. Determine L. C. of screw gauge, and find out the diameter of 
the wire at least at 8 different places with its help. Fiud moan diameter 
and thence t'.o mean radius r. 

6. By the help of a metre sails determine the length of the wittf* 

7. Determine the length brofldlb or thv.knew of each bar by the 
kelp of a scale nnd a vernier enllifvr*. Weigh fioiri separately in * 
balance, ami a Lula to t*>a moment of Inertia of ei< h Mr l.y either form* 
cl* (2) or (}) Hence calculate mean moment of Inertl i Z. 

F. Km* Lag T,. I. r and l aU-vl »t« t- 1 » value of Y by fgn. (t). 


To determine n ; 

V. Ciimp one of t'-e far* bnr uontatty to the rigid support fl* 
&r*o In f'g. 3 *> t‘at t’«« «r btf r«m»-a* M » f <* ot'-w end 

«•’ the *tr», 

JC. rw» E-Vk cnftr^ 1 


It hhj 

J^t.t J» cos 


the f*** tMtt “ 
<*.* . 


wit 9 la fe 


*«d tet.r 
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12, Start the stop watch * hen t ha mark is crossing the pointer, 
and determine time (or 20,2$ and 30 oscillations. Determine time for 
the same number of oscillations at least twice. Then determine mean 
Des iodic time Tj. 

13. Find r< U and ! as discussed before. 

14* Knowing Ti, r, I, and 1. calculate the value of r, by 
formula (4). 

To determine tr 

15. Kooning the values of Y and H determine i r by formula (5). 
Observation* — 

M Length of the wire — cm.. 

12) Tail- for the rtiamzter of the wtre 






14 ) 


fal fYoprrtir: 0 f iLittff 


f lii 


(, t l * 

! j {14 rectangular cross section I 
~ (t 2 ^ J t If circular ero<3-*eeti<ra I 


2. Substitute the vahi»-, of I. r, /, nnd T, in the equation; 

* T * T4 ^ ’ nn<1 “ <terni ioe Y 

3. Substitute the values of I. /, Tt and r in the portion. 

-S»If 

q Tt'/4 • aa, 1 determine H 

4. Substitute the values of T, and Tt in equal ion. 

Tt 1 - 2T. 1 

0 ~ — 2Tt* — i an d determine 0~. 

Result : — 

Y s= ... dynes/cm* 

T) = ... dynes/cm* 


Precautions and sources of error. — 

1. The radius of the wire should be very carefully determined ss 
it occurs in the fourth power. 

2. The amplitudes of oscillations while determining Ti should be 
very small otherwise the formula will change and the wire will be 
Strained beyond the elastic limit. 

3. The bars should not toss up and down, their motion must be 
in the horizontal plane. 

4. As the time periods occur in the second power they should bo 
very carefully determined. 

Criticism: — Generally for determining extension for the deterroi - 
nation of Y long wire is needed, but in this case, wo get good results 
even with a short length of the wire. This is nn extremely fine method for 
determining 0~ because it does not entail the determination of Y and !| . 
jiy simply determining T, and T» IP can bo independently determined. 
T» and Tj can be determined very accurately whereas there remains 
always an appreciable error in the determination of the radius of the 


' Oral questions'— ■ 

j. Define Y. tl . and *&• elastic constants of a material. 2. What 
Bietheir uai S and bow aro tieyrchitaJ taeach other /J.Whatarethoother 
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method) of determining them, and which are the best 4. What do 
you understand by drastic limit, stress and strain ? 5. Why the ampli- 
tude of the vibration of the rodr should be -kept small 6. \.'hy the 
dirmsterof the wire should be measured so accurately? 7, What 
are the foie* acting on the rods when they are oscillating ? 8. Why 
the bars should not move up and down ? 9. Are the moments of inertia 
of the two bars oqial. if aot how the error is to be corrected ? 

"Before you measure any quantity you must know the accuracy 
upto which ft most be measured and hence choose the measuring ins- 
trument accordingly." 



EXPERIMENT No. 3 

Eaperlrr ents— To determine the moment of inertia (f) of a gfr* 3 
by the befp of nn inert h table tiding an autifiarfy body of known 
moment of Inert n. 


Apparatus:— M. Table, an auxiliary body (a rectangle or a 
right cylinder), tho given body whose moment of inertia is to be deter 
mined, stop watch, spirit level, a vernier callipers, weight box etc. 
Description of the apparatus:— 

It cooisi&ts of an alluminium circu- 
lar tablo T, carrying two vertical 
rods A and B of equal length. A 
cross-rod It along with the table 
is suspended by means of a long 
wire C. another end of which is 
fixed to another cross-rod D by 
means of a chuck. The rod D is 
fixed to the top of two vertical rods 
E and F standing on a heavy iron 
base G. The base rests on three 
levelling screws. There is a con 
centric groove cut on the table in 
which three levelling weights are 
placed. A mark is also made on 
the table to indicate its mean position. 

The table is so adjusted that the i 
axis ot suspension passes through 
its C. G. Some times a plumb line 
js provided at the bottom of al=o 
the table. 

Theory 1 

about the wire as 



1/ T be the periodic 


iOT rtij of ' 

tb« wo have. 


Fig 1 

the table is given a slight rotation, it oscillito 

of tocttonnl vibrationj. I the moment of 
d C the couple pee « nf{ rnJia ' T ** f ’« °f the wire. 







Moment of in ertia by inert iatable 


t 17 


If Ti is the time petit*! when a body of known moment of inertia 


seed on the table, 

T ‘~ 2ff * w) 

[Tj is the time period when tbe given body of unknown moment 
i* It is placed on the table. 

Tt= ~~ 


From (i), C>‘) and (iii) we get, 




„„ . JJ /ti. ut\ t If the body of known moment of 

Where Ii— ^ l*" ) inertia i* a rectangle of sides Land 

' B and mass M. } 

Jiff* ( If it is right cylinder of mass M 

2 and radius r j. 

=S‘3 Mr* [If it is a sphere of mass M and radio* r] 


thod:— 1. Level the base with the help of a spirit level 
» veiling smews. The table should not touch the rods E or F. 
Fut two spirit levels at right angle to each other on the 
r> table and level U. It should become perfectly hcruantaL 
lane by adjusting the potation of the levelling weights put fa the 
Che levelling can be tested by means of a plumb Lae also, 
l levelled the axis of tie wire will pass through ti# centre of 
the table. 

in that tie reference mark made On tie table is fa (rout of tie 
*ct a r*a fire! la another stand h front of the mark so that 
» as the reference point indicating oata pos-Uon. 


Vem'y twist the table through a small angle in the bonxoctal 
nve h. It begins ta tool bits simple harmonically, when It 
(ef osollasioni aoi tie mark » to eras* the mean poauaa. 
P watch and find out the time for 27 J 3, ml 45 cwuIUuons.’ 
e BU-rVr of owulLtixi* determine time at lout twine. 

it* the mean periodic tune T. 


* the boly of Vnr»u tnr a wg of ovu a frig he rrl udvr 

elftsthetaSUanis.gaus Wd it. It sbscil be flaw! <= 
Int the axis of lie cylinder tc tbs ■nstkad line ;*» ’f 


•'T N 
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through C. G. of the rectangle coincides with the aria of rotation L ;• 
suspension. Then oscillate the system and similarly determine timsis 
20.30 and 40 oscillations. Again calculate mean periodic time T. Ti 
s\ ill bo greater than T as moment nf inertia has increases!. 

6. Remove this tody, and in its place 'put that body on the tahh 
Whose moment ol inertia is to bo determined. A gain test for levellfaS asd 
oscillate the system. Similarly determine time for 20 JO and 40 Oscsfo' 
tions. Caicnlate mean periodic time Tj. T| will also be ffre 4 ^ 
than T. 

7. Determine the mass (M) of the right cylinder or the rectan^® 
with the help of a balance. 

8. Find out the length and breadth of the rectang'o or diamdar 
of the cylinder with the help of vernier callipers. 'These observations 
should be taken at least in two perpendicular directions. 

9. Determine I, from step (8) and then calculate l*. 
Observations: — 

f f) For moment of inertia of the rectangle or cylinder or sphere'--' 

(i) Mass of the body (M)= gm. 

(ii) V. C. of the callipers=. cm. 

(iii) Diameter of the body — (1) (2). (3) (4) 

Mean diamenter (D)= cm. 

Mean radius (rh^D /*= .cm. 

Length of the body (1) ; (2) (3) 

Mean L= cm. 

Breadth of the body (1) (2) (3) 

Mean (B)= cm. 

[Bl For determination of periodic times:— 
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Mean T=*...... .Sec. 

T,=*. .Sec. 

T*=* .Sec. 

Calculations'. — 


1. First of all determine the moment of inertia I, of the auxiliary 
body by the relations. 

CL* +B’)Df rectangle] 
r* [If cylinder} 

=“ MR* [If solid sphere] 
i. I,“ gtnXcrn 

2. Substituting the values of It. T. Ti end T» in equation (iv) 
determine the value of It. 

Remit — 

Ii — gm, X cm 1 . 

Precautions and sources ol error '• — 

1. Before starting the experiment all the kinks present in the 
wire should bo completely removed. 

2. It is extremely important that the table should alway remain 
perlectly horizontal- so that it always oscillates about the axis of the 
wire and its moment of inertia may remain constant. Consequently once 
the balancing weights are adjusted their position should not in any 
case be altered. 

3. Through out the performance of the experiment the C. G. of 
the system in all the three cases should lie on the axis of the wire about 
which the moment Of inertia is to be determined. 

4. The wire should not be twisted beyond the elastic limit. 

5. The table should move in the horizontal plane only without 
tossing up or down. 

6. The body whose moment of inertia is to be olculated most be 
oi uniform density. 

Criticism :—For increasing the accuracy in the determination of the 
periodic times, and decreasing percentage error, the wire should be of 
greater length and smaller radios. It will increase T. decreasing the 
percentage error. But smaller is the radius of the wire more will be the 
icinVs present. Therefore, a compromise is made and genraDy a wire 
of SO oa. length and 0*1 cm. radius is taken. As tie load is increised or 
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decreased, the radius and the length of the wire varies, and there!# 4 - 
the couplo varies. It imps ires the accuracy obtained. To obtain 
results chronometers should be employed in place of stop-watches and 
oscillations should be watched through a telescope. The bodies tales of 
known and unknown moments of inertia should have moment of iaerto 
comparable with that of the table, so that we might get appreciable di.r«" 
renco between T, Ti and r» It is assumed that the oscillations are fr 6 * 
find tiiat air resistance is negligible. However, If possible, th* table P*- 
should be enclosed in a box and bo prevented from direct drift of wind 
Oral question* • ”1. Explain moment of inertia of a body giving** 
physical siginificanco. 2. Give the theorems regarding the moment 0 
inertia. 3. Describe the moment of inertia table and explain why it is * 
called ? 4. What type of oscillations the table performs ? 5. What isth< 
function of the balancing weights ? 6. Why should not they be disturb^ 
once adjusted ? 7. What is the function of the concentric circles made 
on tho table ? 8. Why do you not take a very long wire of a very tKfl 
radius ? 

“ Always remember it is not the result which you achieve is import - 
tant; but the method which you employ. So always try to follow only 
the correct procedure”. 



EXPERIMENT No. 4 


Experiment! To determine the modulus of rigidity {Tj) of a 
material in the form of a airs by dynamical method. 


Appatatug A heavy cylindrical rod or a disc, a long wire of 
the material whose H is to be determined, aa auxiliary body of known 
moment of inertia, a stop-watch, a screv, gauge, a vernier callipers, a 
spirit level, a weight box, a meter scale etc. 

Description of «be apparatnr.-ln this case the experimental wire 
is taken, and its upper end is rigidly fixed. The Jower end supports a 
heavy cylindrical rod or a disc (the wire is attached to the centre of the 
cylindrical body). 

Theory : - If a rod or a -wire is clamped at one end and twisted 
at the other by applying a couple about its axis and perpendicular to its 
length, it is said to be under tension. On account of the elasticity of 
the material, a restoring couple is generated in it. This restoring couple 
(C) is equal and opposite to the twisting couple. Let the length of 
the wire be I. its radius r, and ootfficent of rigidity ( h ). If it is' twisted 
through an angle of 6 radians at the free end. the twisting couple C is 
given by the relation, 

c -r-'» -m 

l! ..mitr.c 4ii) 


When the cylindrical rod Is twisted in its 
own plane and reUasel.it begins to execute 
simple harmonic tortional vibrations about the 
wire aa on axis. U Ti is the periodic time, it is 
given by the relation. 


T,=r* fJZ 

v c 




Where f, is the TTvmeut of inertia of the 
cylindrical body, and C is restexiag couple per 
unit radian t» 1st. 


It now the auxiliary body is placed on the 
lyhndrical rod. the ntrw yeriolis time T| is g-ren 
ry the relation, 





hzl* 

c 


-t.r) 


r<. i 


N 


f r. 1.1 



TV*?**' *> nf 1 /.<>»«• 

,« ..-v-tr »‘<- >» ttHWf N^ff. 

n tv*** fi»K* f, m ** <•*-. 


t*., „f Jft jrfC fr 

T/-T.* «♦#»-&.— 

1 V 

a, «»'. t,- 2 _ f* Gf 

*®r* tjr* “* 

’ „ ■** 1,1 

m ' (T,‘-T.^‘ 


n< z 

,,,. # - Jfft* 1*1 u h n »U cylindrical body 

Where h-—z-~~ l*»«/ . 

• of (TAM M Clad rxjiui Rj. 

../ /?■* + f ? i* \ , ...» Ilf it wbotbnv cylindrical riaf 

2 l...Wi«ofnxa»,SI awl external a--*! 

internal radii R, and Rj. 
Method :— To determine Ti- — 1. Take a 
ong experimental »**•♦ Ctunp lts upper 5fc~" 

nd ’and suspend n heavy cylindrical body J jj 
rom its lower end ns shown In fy. 3 If 
^,0 body suspended should remain perfectly 1 1 

Oritontal which' can be obtained by the help of I 

Sipirit level. Tlio wire thould pass through the I 

ontre of the body- ...... II 

2 Mark a vertical line on the body which II 

01 serve preference line. Put a pin in front of * 

i0 line by « wooden stand. . / 

\ , Gently twist the cylindrical body and 

' iq that it begins to oscillate simple j 

Conically in the horizontal plane. It shouldnot 

^ “a ^AfterTha body has made a few osdUa- _ . 

“”T stop^ 1 - coo.ru.. ° f fc»M c tm 

|,nd Um. 1« >5 oodlouoo. lK§J< 

scills-tions. , {Jiea determine time for one _ FOR 

wice-orthrice-an . 

-cillabon. „ ^ - •' 


Ex. 4 J Modulus of rigidity by dynamical method { 

5. Again find time for 10 oscillations twice or thrice and d 
mine time lor one oscillation. The mean of ( 4 ) & ( 5 ) | 


] To determine Ti 

| 6. Put the auxiliary body on the cylindrical disc in such a 

. that again the axis of the wire passes through its centre. Oscillati 
* system in the same way. and determine time for 15 and 10 oscilla 
twice or thrice. Find mean periodic rune. 1 his gives T*. 

7. Determine the length of the wire between its two ends 
the help Of a meter scale. It gives 1. 

8. Find L. C. of the screw gauge and determine the diamet 
the wire at least at seven different places. Find mean diameter, 
thence the radius of the wire r. 

9. Find the mass of the auxiliary body (ring) by the help 
balance. Determine its internal and external radii Hi and R* b: 
help of vernier callipers. 

Observation*:— 

[/) Length of the mire (() cm, 

[2] Table for radius of the mre. 


L. C. ss ... cm. 


S.N. 

Diameter along 
one direction 

i Diameter in mutually j 
perpendicular | 

direction j 

diameter 

Id) 

1 

4 





Mean t“-^ :a ...an. 


D] For moment of inertia of the auxiliary body‘- m ~ 

( 1 ) Mass of Ihe ring (M) '= ... ... gm, 
• • {« ) Internal radius (R.) =s ... '... cm. 

’ * (In) External radius (R«) — ) ‘ cm. 

' ’ (iv) Radius {Rjsx... cm. 

(if it’iaa aibd cylinder) 
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U) Observation table for T, and T t . 


S.N 

Number 

of 

oscillations 



With only cylindrica 
body 

___ With the auxiliary 

T> ring placed on the 

i body 

| T ’ 

i 

2 . 3 

Mean 


2 



1 

2 

15 

20 


_ 




1 

f" 

^Mean 



Mean T> = ... Sec, 

Mean Tj — ... Sec. 

Calculations 

1. Calculate the moment of inertia of the ring Hi) by the for 
mulae (vii) or (viii). 


2, Substitute the value of T,. Tt l, r, and I* In “formula (vi) 
and calculate 't by using log tables. 

Result i— Modulus of rigidity of the material ( H ) = dynes/cm*. 
Precautions and sources of error : — 

1. There should not be any kinks in the wire, and it should be 
quite long and thin. 

2. The axis of the wire must always pass through the C. G. 
of the cylindrical body. 

3. The body should simply rotate in the horizontal plane and 
should not move up and down. 

4. The wire should not be twisted beyond the elastic limit other 
wise the restoring couple C will not remain cc to the angle of twist 

5. The time periods Ti and T* should be moasurod very accu- 
rately as they occur in second power. 

6. A* the radius is to be raised to the fourth power, a very small 
error in its determination will make an appreciable error In the result. 
Hence, it should be measured very accurately and at number of 
{Efferent places. 

7. The density of the auxiliary body should be uniform through 
out, otherwise therewill be an error In the determination of Ij. 

g. It is assumed here that (C) the restoring couple per unit twist 
r emam* constant throughout the experiment, but it h pot timorously 
trea. because when the load is changed the radius of tie wire changes, 
alteris* the coop!* C. It causes some error. 
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9. The moment of inertia of the auxiliary body is calculated 
from its geometrical diamentions on the assumption that XI e density is 
uniform through out. tihich is not true in most of the cases. These errors 
can bo removed by employing Maxwell’s needles. 

Criticism : — Sec expt. “M. I. Table". 

Oral questions 

1. Explain rigidity, and describe a tortional pendulum. 2. Explain 
the principle of this experiment. 3. What are the factors upon which 
the periodic time depends ? 4. If the length is doubled how will the 
periodic time change ? 5. -Will you prefer a thick wire or a thin wire ? 
6. Which is the most important quantity to be determined in this 
experiment ? 7. Does the value of h calculated by statical method 
agree with the result obtained by this method ? 8. See, experiment on 
moment of Inertia. 



EXPERIMENT No 5 

Ctptrlmmi —To tN'efrrfe* fi* moduli. of figi-hty (if) at a eaSft 
,n I le hrm otn r > ! by «*«»>*» (,wn* « horizontal type tw&w 

apparatus). 

Apparatus — Horizontal typo appnnttn. half kffcyg'n. weights (c«r 
1 . to 14). a mfjsr solo. a vernier callipers and n scre-r giujs. 
Description cf the apparatus';— 



Fig. 1 

One end N of the experimental rod is firmly clamped in a block 
fixed In a frame. The other end is attached to a steel axle of a large 
pulley P 8® shown in the figure. A cord is wound round the rim 
of the pulley. The free end of the cord carries a hanger in which 
weights can be put. By putting the weights load is applied resulting 
in a couple on the rod. Tho rod]gets twisted. P, and P, are two pointers 
fixed at two adjustable points C and D on the rod. The pointers move 
over two graduated scales S, and Sj fixed in the frame. The scales 
are calibrated in degrees. The pointers directly give the twist produ- 
ced 8 t these two points. 
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Modulus of rigidity by statical Method 


Theory If R is the radius of the pulley, hi the mass suspended, 
and g the acceleration doe to gravity, the couple acting on the rod is 
given byi 

Couple ~ MgR { i ) 

This couple is balanced by the couple floe to torticraal reaction in 
the rod, which is given by. 


U 


( «*-«»)* 


,(») 


Where x is the radius of the rod, l is the length between C and D 
where the pointers are situated. 0 t and 0, are the twists produced in 
radians at the points D and C. 


Equating ( i ) and (ii' we get 

JjpW.-M - ««* 

„ _ 2 M eRt 

“ ' - VT-ft.-r® 

If the angles are measured in degrees the relation mil become, 
- _ 360 M tRJ . 


Mole —In loma lypex ot apparatus pointer* are not provided, only 
there It one vernier fixed to the puller. In »ueh ce»e» /i» the length ot 
the Tod U*ed between the pulley end the block, loxteed ol ^ — -6,)’ only 
one angle of twlxt g if to be determined by the vernier fixed on the pulley 
end the relation become*, 


»l 


360 M 6 /? I 
13* r 3 4 0 


-dv) 


Method 1. Firmly clamp the end' N of the rod in the block 
attached to the frame. During the experiment this end of the rod -should 
not move in the clamp. 

2. Wind a thread round the pulley and suspend a pen at its free 
end. The thread must remain tangential to the pulley. 

3. . Fw the two pointers at tno points, siy C and D along the 
length of the rod. Adjust the positions of the pointers on the dcular 
scales such that they read zero. Note down the positions of these two 

pointers Pi and P» on the cicular scales. This gi res zero reading. 




. .i lift'll n»*» ** *!■ I ny p|(j 1.. f f w I )• 


\H1 i»J." *«• t f< * IJ.fcef*" } t ~*t/ ■ *ttf irf v* ' ••_” f‘* 

•&**•* |“i* (-««?> *ipi if t* » ♦ » ■ f i >' n i 


*. <>•**! ’ <furt V, -m •’« Hn ... if 1 ' St St f”-' 

t v i pt n>» *•« / <• p *• i‘ <'mo .f ( r * i pm 1**0 f >f 

*'•■*¥ fl** »“* "» ri-v* .f. 

J. f'«*f fini'i’vpt -if 9, a-ii| t», ii'rfiepfi'Uli'i.t ^ 

rvA 1'ifcl 


*. IWrni v» the si|'« if iv t -»* a nj 9, f if «f 2 lnSnrrt* 

*#1 l«e«J'jMifl**f I'T *«*>'»* Ho* •’ «*l ren.r.n* fr*n r i-* » rth of Jut ft'*" 
7tb ftal »i an. D*t*tt».i-tr* «’.* «wn vilm of f t itl 9,1k » Ixuloi 
2 kibfn- »fl»! fc*n<.ff ohuia 


9. M«uut« the Imgth of tie r*t (f ) bctwwn (he lw o jwriftJ-TS C 
ini P cf the pointer* »ith the Mp of a m«fw tea It*. 


10. Determine the L. C. of a mrtw ga u.-» a-*l fin.! oat tha rath-* 
(t) ol tha n*l with It* help. 

11. With the help of a vernier calliper* determine the radi-ia of 
the pulley It. 


12. Knowing M. g, R. /, r. f, anJ 9 , determine the value of H. 

13. For better accurncr change the length 0) between the two 

pointer* for atleast two to three times, and similarly determine (9,-9,) 
for a load of 2 kilo grn. From mch length determine . Find the 

_i£_ , and jubstituta this in the formula to get the value 

mean.'o! 


, —A, described In theory where there U only one pointer. 
, , h , ram the fl**d ««d ‘o ‘he poeitoo of tbi. pointer. ThI, will 
, #a *ur« l» ng . , th# ro d. Determine the angle ottwi.t 0, in the .ame 

1 l * n< * , ihsll get on fy 0. De/ermine $ for e load of 9 


, r . Joitesd of 8,-9 > 
e iimfl“ r ***• 


Ex. 5 } 


Modulus of rigidity by statical Method 


t 25 


Observations'— 

( 1 ) For the diameter of the rodr 


L C. of the screw gauge an. 


S.N. 

Diameter in one 
direction. 

Diameter in perpendicular 
direction. 

Mean 

diameter 

d 

1 

2 

3 

4 





Mean diameter (d)=» cm. 

Mesa Radius r“d/2*=* /an. 


(2) V. C. of callipers^ cm. 

Length of the rod between the two pointers^ Cm. 

or between the fixed end and the pulley (/}=>.. cm. 
(2) For the diameter of the pulley 

(>) cm-* ('») cm. 

(til) cm., (tv) cm. 

Mean diameter (D) «* cm. 

„ Radius (R) * cm. 

[4] Observation table for in degrees 



.*. Mean (*i~ t j' for 2 V. degrees. 


M 


01-ffi 
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t t%. i 


Calculations’ — 

Knowing ((?,— 0j>. I, /?, t, g. and M calm'-ite H by the formate. 
h 360 M , g tu 

'“•V <*•-#.) 


Iteiul.:— 

dyns/cm*. 


Precautions and Sources of error:— 

1. The vertical portion of the string should always be tangential 
to the pulley. 

2. The shear should not exceed the elastic limits otherwise Hoo- 
ke’s law will not hold good. 

3. The rod should be firmly clamped in the block fixed in the 
frame. 

4 . As the radius of the rod occurs in the fourth power it should 
be determined very accurately. 

5. The weights should be placed and removed gently. 


6, If the axle is not mounted exactly at the centre of the pulley, 
an error may be introduced. This is eliminated by twisting the rod 
in both the directions of the pulley. 


7, If the thread or the string possesses an appreciable diameter, 
it* mdiusshould be added to the radius of the pulley to get the exact 
value of R- 


g. Always there is present a great error in the determination of 
," a 0 f twist and radius of the specimen wire. In order to eliminate it 
^^raph should bo drawn between loadand 6 i. e. (0«-0,). and (hen mean 

. JSi should bo found from the graph. This will very nuichrodu- 
valus « g 

error in the determination of 8. 


3« percenoffi 


1. To pro»e (bar the angle of twist of* g,y ta 

il.JUmtw rronoHlonat to the applied 


j ont I. To pro»e that the angle of 

be true If should be directly proportional 
i is* far sue* kmffth °f 1,19 r< *^ 


co«p 1e - 


Hint*— tie* 
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2. Therefore, plot a 
graph between the toad M 
and the twist 6 (i.e. 9 = ti~9 t 
in this ease) -when I is kept 
constant. 

3. It comes out to be 
a straight line proving the 
contention stated above. 

is ns shown in fig (2). 

4. The slope of tins 

curve will give mean^- which 
when substituted in the for 
tnnla (hi) or (iv) mil give »i . 


Modification 2. 

J» proportions! to rhe length of ebe rod twined. 



Iltnu: — 1, Take different 
lengths of the rod, and determine 
rorwponding values of 0 and M. 
Wot graphs lor neb length. 
They will bo straight lines pass- 
ing through the on gin. 

B 

2. Determine —for each 
lfocti from the graph. 

3. Now plat a new graph 
between the corresponding values 
of — and I. It will come out 



X 


to be a straight las as shown t a Fig 3 

fig. 3. 

Criticism -’—The graph oVasrwd m thl, cu<e is al-i>t * »*ra-ghr Loa 
The minor jrrrgulvtie* nritwi are ( « )tij« tr the non vn iST?-~7 d 
the material of the bar. in) du* ti tie *1 g-.t eoasatncsf erf tu* *»-* 
the n*i with respect to the tra’ts of the cteaUr wale. 

If longer length cf the r*I is taV.es BwafsJsrssTy » Cl iacr«A 
Oa tie other tsM if V--h <— jlorsl n «ro sS-e t>. J»«r *— t* * « x - 
r»lj« ol twist poiscad Tbercfacw a cT-itrsar « sooth! and* 



t m 


a i 


(r”’-'r if p.- •; 


r* r y 

r*p,* ^ 

V-triv* * f( w^v.. w 

T^J fl r*$ » *1 l *• f\* 4 , 

m twS i 4 r ( » 


» f* «H* 


t« {’ i r-yf J* 5 "* * 
■'f r*ct~r+». T* 
«'■*• >ty If*** 1 ** 


*rt *f *•» rj 4T, rt*»» r „ ,»y ,f lt , ! » r „ p, v*r pn-tf 

. ; ■ •' "f-'l-lf Jn„ y K. ^.fF.-rr-cL 

I .» crf^t f r „ 

,v . , 4 . . * 1 * ,f f " Ti* rn-vt of (V 

A> IWo „ 0,1, on. P ,IW „ nhr , , mish /m k w „ « 
f . ° / " ri,l ‘ Thl i i»u pnlt on t*w r^t. r-«utr' 1 ^f ^ 

“• ml '"» •— I Ion,, „ pm,!, lotpnJ** 

I'll /foi (* r^Lrj c, Ibr f>t * 

Ora! qticiilora'— 

r W J - '" r *“ ,M « «* -»l » I...1 1 4. TOr IS* 
T’ J 0, ho ^ll „ tSs ^ , 3 B>rte 

,lT| , . r',tn.“T' r> - , ' r ’ 0 ' '■'* °l *«l ift.1 ito-kwH* 

7 wt, r th ® wo " thl * *hooM bo ptncnl and ror.ovnl grr'-'-T ' 

7. Wtat I. ho maximum load ft,, ran TO ft, te »S=p 

o ™ a , 7 6 '»"<»I»IS tt.rttocJft.rJW' 

9. my tbo rod m ,bir moftoj ft ool j k ^ ^ Wj d, 
too rot Bko an oxtremly long or „, TO]jr rtort L-ngft o[ ft, mi ! 



EXPERIMENT No. 6 


Experiment ' To do tormina ri of a rod by statical method (using a 
vertical type twisting apparatus). 

Apparatus t — Vertical type Barton's apparatus, Sea the previous 
experiment. 

Description of the apparatus .—One end 
O of the experimental -wire OD -whos 0 
coefficient of rigidity is to be determined, is 
rigidly damped to a rigid support os shown 
in fig. 1. The other end of the wire carries a 
heavy metallic cylinder C attached to it. 

Two cords are -wound round tbo cylin- 
der C moving in the opposito direction* 
passing over the two pullets KK’ The 
pulleys carry pans in which the weights can 
be put. The pulleys are identical and of 
the tame -weight. A long pointer with two 
ends is attached to the wire which moves 
over a circular scale calibrated m degrees. 

The whole system rests on a heavy frame 
supported on levelling screws. 

Theory When equal weights are placed 
on the pulleys, they constitute a couple and 
rotate the cylinder C. Therefore, the wire 
is twisted, which can t* read on the circular scale. pig 1 

If D U the diameter of the cylinder, M themars put era the pm. 
and g the acceleration due to gravity, the moment of the couple acting on 
the cylinder and the wire is given by. 

Couple ~ M g U. 

This is balanced by the couple due to tortionaj reaction la the 
wrire which is given by. 



Where r is the rales of the wire. I is the length o! the wire from 
the point it is *uspendsd.to the pxnt at which it is clasped to thecytular, 
and I is the angle of twist ia taiaas. 




EXPERIMENT Mo 7 


E*j>efIfn«n<:-“To determine the surface tension of watef 
Jaeger’s method. 

Apparatus— -Jaeger's apparatus, a thin glass tube drawn at it* 
ons end in the form of a fine capillary, n scale, a thermometer * 
microscope etc. 

Description of the apparatus: — It consists of a long thin ghiss 
tube with its lower end drawn into a fine capillary of about O' 2 
0'5 mm diameter. The tip of the capillary is perfectly smooth and cut off 
square. The surface should be perpendicular to the axis of the tubs- 
Even when seen through the microscope the edges of the tube should not 
indicato any trace of roughness or raggedness. The tubo is fixsd 



Fig. 1 

vertically so that it dips in water ( whose surface tension is to t* 
determined) contained in a beaker. About 4 to 5 cm. of its length is 
kept In side water . This tubo is then connected to a manometer M and 
also to a Woulff’s bottle W. The bottle carries a dropping funnel with a 
stop cock or a burette tube. The funnel and part of the bottle are filled 
with pure water. Xylol (a liquid hydrocarbon) is used as a liquid in the 
manometer instead of water, as it has smaller density. 


’ Theory:* - When the capillary Is dipped in water some water 
jjsssin it due to capillary action. The shape of its meniscus is near!/ 
hemispherical. When water is dropped from the funnel in the bottle, the 
- - its own * volume of air. This displaced air Is forced into 




In the tubo increases and tho surface of the 



fix. 7 ] Surface tension by Jaeger V method t 

liquid in the capillary tube is pressed down-wards. The level o { U 
goes on sinking lower and lower as the pressure is increased. Finally 
level reachesthe end aada bubble of air is produced into the liquid. At 
pressure increases the radius of the bubble decreases, until it acquired 
minimum value. At this stage the bubble acquires more or 1« 
hemispherical shape with a radius a jual to that of the aperture at the end. 
it be i. Now the bubble becomes unstable because any further growl 
the bubble increases its radius decreasing the internal pressure. A; 
external pressure '8 constant, equilibrium is destroyed and the bu 
breaks away. Hence just before the bubble gets detached, the pres 
insile is maximum and is registered by the manometer M. 

\Vhen"tbo bubble breaks away the pressure inside it is equa 
P+H?g. where P is the atmospheric pressure, H is the maxin 
difference of level of manometer liquid in two limbs, fi » the derail 
the manometer liquid and g Is tbo acceleration due to gravity, 
pressure outside the bubble = P + bdg. where b is the depth of th> 
from the surface of water ia the beaker and d is the density of watet 

Thus, the excess pressure inside the bubble 
=Cp+Heg)-{p+hdg) 

— glH2— hd'. 

But from the theory of surface tension, the esc tta pies 
=2T/r, where T is the surface tendon of water. 

~ = gIH2— hd) 

or T= (H8— M) (,) 

Knowing all these things T can be determined, 

Method:—!. Take the tube clean it and damp it in a v« 
position u shown in the figure. The capillary shoukf remain dippii 
water opto a depth of nearly 3 to ♦ an, A scratch is then mat 
the capillary and the level of water in the beaker b to adjusted tha 
•cratch coinriias wife the level. 

2. Connect the tube to the manometer if and Woolf f 'a b 
W with the help of rubber tubing. Maks the joints air tight by pat 
wax etc. 

3. Fill part of the bottle and the fncael with water a=< 
xylol in tb* manometer limbs. 


Cenoml Properties of Matter 1 fc* 


33 ] 

tuba so tfal XT hfi,?/’ • !0P “ d ‘ of lh « bW air iisi* c > 

adjusfod that bubble i,/' 5 formod - The flow of water shoaMh* 5 

■uaaimumandH.osod,,,,,,,,,^™* b, “ fc «*'ay. lb. prasure te»=* 

J« Note down tha nutim., . • ^ 

detached with the heir. n ( «. 01 pfe,,ure n!lea the bubble SJ ort 

at C and D fc th e ™ * man ° m8fer «■ *»* *° ** of *»« 

* I'U give tha maximum ** 1631 tim<5 ' D ‘ /foreaco between C w=d D 

Ha W (W°of b JJZTr\Z, X5T' " 1UM , ' 0 ” a ” b ” te tb ’“S 

(another scratch is to be made) P ^ fro ™ the surface of the 
mine H. Take at . ,/ " ^ opeat 1,18 same procedure to deter 

0 at ^ thr “ "W sots With different depth, 

*ith ."“"“mow* a™ lob. AMntol 

at C ami ,h.a a. D. Tb. 

»-■ rutrr'ou^'^tS'-r 

toa«r«!l» and ,b.„ 

.oti.famr.dj, ./ft. „tW siJ». 7b. da/. 
raac«ill t i«,t',.d,om, w „/ t ,, 0 lub „ 

&. tab. a! P«M aajfe, M w ^ 

atalartia *»min. ,b. d«m.!„. T , k . 

* ** h '.f: *" d “™ d« wm | ra 

iamettr d. Half of it will be t! o radius’ ( r ) 

r 

,b. u. t .Xr and 

f » r™' 4 " brlb.W ? rf . aafa. lh , 

rf *’ A ' ‘ ™ aW. l» „ im 



»’• Cabltfa aurba. bw, ( T , /. 
taw de-tl'T - ^' 5 * W.wi rt-al of T. 

n. w‘r; ce rf » r»l I'.wnmw 
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[fj Toblt for the meaturtment of ft and //. 


S.N. 

Value of l 

h j 

(a cm. I 

W \ 

Reading of the ] 

manometer i 

t 1 

upper level bwer levelf 
lb; I ic) i 

H 

Ib-c) 

1 

\ 

| 



1 

— 

i 

i '■ 

1 



— 


i 



“ 

r* 



lij T >Nl for tkl dtamtit’ of ikt CJfiUorp 
Lean coast o l tSe nvictooexjpe *= ..an. 


ItocoVec in o: 

£ re-tin 

Reading j RuuSing j 


} on j Diameter 




[ Datne'.er in mutually M«ia 

I _ perprxlioilir Uimiin diameter 
t Raadtaf H«uiaa^ i tl 

r on j oa ) Daaae 4 er 
’ one »il« otSet *vJe _____ 


M«a~ dli'/'u — .crs. 

M«n r*.l -i (r) **■—=* , cr;. 


I 5 Hi) TK£I*t%Mt» of » *C. 

( G 5 '.T d cnTBf*>f lijsui {?)«»„ — ta'ctt 

tO itauy ct w Wr W««l(o th» 6u>t. 

C*l."olitioei — 

C*V~»te nr1%o* UaxtV} fat rarbt obwtoa* tf taa format*. 
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r= S.(H 2-» 



( ‘‘zee tension of xnter, 

Precaution. dynes per an. nt "C. 

^Idb 0perfect , sources of error .'-I. The czpUhrJ t* 

ofc " otherwise it will * ' ■ 1* should not hare any traces of £ r *°* 
2* There sho ° 0at,n,1 ' nat ® water altering the surface fansW3* 
will not rigidjy apply ^ ^ n ° j 03 ^ 0 io ^e apparatus otherwise tk&1 
and rubber joints , , , ore oro * *bo apparatus should be in ooeP i** 
3 . The open end ° avoidod ™ far as possible. 
of a capillary t0 . ” of tha ®anom oter should be drawn in the 
i. Thebor ^ OSC : ihUms <>f^n q uidiui t . 

2 ,0 3 mm. If the ^ rap,U;u )’ taken should be small I. e. nhorf 
«*n»pheriail when if „ j f ” “ ot * malfer - tie bubble will not t* 

5 * -Anthediamet " ^ fr0m tfl « °n7fico of the capiUiry. 

measur»J a/tor taking U , quit ® * n, all. It should be very nccuratdf 
«• The bubbll rezulia ** for it. 

bubbles should not *"* /orra9j ^owty, and singly /. fc two 

Other bubble U formed, // tether. Some time must elapse before the 
“* ™»fc> ' ' * “* ”• P™»«» irtll 

cocd-tvajs are satisfied »/ ° m<t Nibble fjrmntiaa. Thme 
of %%itr from the I ■ * *’* * 5aC!8 ln ,fl9 J * '•'tac® 1 . rf J5r 
7* fonnel « properly re^htsd. 

N **“~ 

D«»iib[ii» wrfiM tendon at water et 

vlran 

Hiets- A -over Wirt a H.mrrr^tat it p!tu»l ht t*« ten'eer, »,.( 

■ » teeemJiw! « var««, temper*^ M «*■«* A graph h» 

** draws ** rt »'* tortnoi tswrerif^e. t*«*.*> 

•tcj Casper*?-**. 
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Criticism of the appjra us •‘—This is quite a good method 
determining surface tension of liquids. It is specially suitable for study 
the variation of surface tension with temperature. As the bubble 
formed within the liquid surface the temperature can be ea; 
controlled. When a graph is drawn between surface tension * 
temperature, the slope of it can be used to study the motacu 
aggregation of the liquid (L e. the number of atoms in a molecule ). 

The danger of contamiration of the liquid surface is minimi 
in this case. As the capillary is thin. it <3n be oas 
cleaned reducing the possibility of contamination. It increases ' 
percentage accuracy. 

This method can be employed for determining the surface tens 
of molten metals. 

It is alw suitable for ttuding the variation of surface tens 
of a solution, with different concentrations of the solute. 

As we have to measure the diameter of the capillary only at 
orifice, the non-uniformity of the bore does not cause any error. 

Despite all these advantages discussed above, there is no certai 
about the radius of the bubble when it breaks away. It may not 
hemispherical and the same as that of the orifice. The bubble 
hemispherical only when very narrow sipilbnes are used. Hanoi 
the radius of the bubble has been found to be a function of 
radius of the aperture. Therefore, for greater accuracy the follow, 
formula is used. 

T =^|-[h 2 — d U+-^-) j 

Orel Question* '■ — 1. Explain the principle underlying i 
method. 2. Explain whether the excess pressure in side the bub' 
depends upon the depth of the orifice below the surface of the li-jui 
3. What liquid is used in a manometer and why ? 4. When : 
bubble breaks is its radius exactly ejtnl to the radius o! the orifi 
If not. what corrections should be made 1 5. Why maximum press 
is noted ? 6. What should be the convenient rats of formation of 
bubbles ? 7. Is this method superior to that of capillary rise, if 
■what are t'ie merits 1 8. How does surface tension change t 
temperature 1 


EXPERIMENTNo. 8 


Experiment To determine the surface tension watef t 
capillary tuba. 


TSOi' 


Apparatus Glass tub® for drawing capillary h 1 ^* 3 * or rs 
mad# capillary tubes of uniform boro, n glass plate, £ P* 0 ' wa1, 
microscope, beaker, stand etc. 

Theory-’— If a capillary tube of small radius 13 dipped * a 
liquid. li juid rises in it on account of surface tension- Th0 meniscus 
the liquid is concave upwards as at P. 

t*. tautfsarsss, Vs yu WKtoA tiVfo a VeJt* x>\ 
length Z^r, if r is the radius of the tube 
at P. If T is the surface tension of the 
liquid, the force exerted by the meniscus 
on the tube is equal to 2*rT in the 
direction of the arrow, where 0 is the 
angle of contact. As action U equal to 
reaction the tube will exert force on the 
liquid, and the liquid Vi ill rise up. The 
horizontal components of this force will 
cancel out and the vertical components 
will bo equal to 2nr T cos 0. 

If h is the height to which the 
^ater rises, the volume of water in 
the tub* up to the meniscus 

=!7r’A+ volume of meniscus + ~ D r J 

=W'4+ Ij-W (*+-j) 

Weight of this liquid column will be. 



Fig. 1 


"'(‘ + t) 1 "' 

till ri» “ 


wh. 


... ^ till the upward force duo to tension (1 batinc- 
The water vau 
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. 2» rT cos 0 - »rf ^ 1 fc ) 



2 cos 9 

For water fl= 0 and cos 0=1 



Fi*.2 

Method - 1 . Tata two or three gloss tubes, Clean them first by 
c soda and then by sulphuric acid and nitric acid. Rinse 



Fig. 3 

with tap water and dry. Heat one of them m a Bunsen flame. 




t 


£j. g ] Surface tension by capillary rise 

of the tube is to be determined at the place of the water raems© 
See fig. 3. 



9. To find oat the interna! diameter of the capillary tube, ad 
the microscope so that its vertical crceswire «s tangential to the 
hand side of 'the inner circumference of the capillary tube. T 
the reading of the position of the microscope tube, on the scale 
which it is travelling. Move the tube boruontaliy so that now the v< 
cal crosswire is tangenial to the right hand side of the toner circui 
rence Again take reading on the microscope scale. Thod 
fence, between these two readings will give the internal diameter of 
tube. Turn the tube in its position by a right angle, and again d< 
mine the diameter similarly. The mean of these two readings will j 
the internal diameter. For accuracy one or two more sets of observa' 
may be taken. Calculate radius (com. this tending. 

10. Replace this capillary tube by another one of a diffe 
bore. Similarly de'ermme the height oi wafer risen, «».t the radiu 
the tube. The process should bo repeated at least with throe or i 
capillary tubes of different bores. 

11. Knowing A and r for every tube, find the product A r 
inch observation, and determine mean of A r. Tb« with the faro 
(&) calculate surface tension T. 

12. Determine the temperature of water la the beaker wrl 
thermometer readag up to |*fc and arte it. f It a beatnjs kk 
tension varies with temperature X 

Obtcrvatlooi t— ’ 


f’-n-ral (Va«[i-u( J(. w „ ( 

HI TM,,c ar) , (M (4) 


N'o. of 
tube 

filing efMvtovfyp^ 

At Level of ! At the upper 
water • meniscus 

Difference 

(b-s) 

h 

3 


! 

! 


[2] Tablt/ar raJiui o / tin Capillary. 
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Bina 

[22 


■ 

■ 

■ 

■ 

■ 

■ 

| 


Mean diameter <f = ... cm. 
Radius r=d/2= ... cm. 
Calculation* : — 


S.N. 

| r in 

1 cm. 

1 * 

1 in cm. 

1 

| Mean 

1 rh 

I T=- r £ 

1 2 

h 


' I 

Ll 

1 1 

f 1 


cjult • — T “ ... dyns per cm. at ®C. 

Precautions & Sources of error : — 

1. The capillary tube should be kept perfectly vertical, other- 
so there will be an error in the measurement of h. 


2. The water, beaker, and the capillary tube must be clean, 
icy should not be contaminated with grease or oil. If they are 
itamlnatad. surface tension will change and the liquid will not rise 
the tube to the proper height. As this mistake is mostly committed, 
iccuraey is the aim. this point should be clearly born In mind while 
ng the experiment. Do not use distilled water as it Is likely to 
tain grease. If the water fs not contaminated, wafer will drop la 
beaker when the tube is removed. 

3, The top of the tube should kept open. It should not 
ied by wax ccc. 
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4. Mind it that the radius of the tube is to be determined at the 
place whew the level of water stood in the tube. That is why it is 
broken from that place. The bore should bo uniform, otherwise il the 
radius is determined some what above or below that point, it will cause 
an error in the determination of r. The uniformity of the bore can be 
ascertained by introducing a pallet of mercury in side the tube. Measure 
the length of the thread ai diffient pHces. If the length comes out to 
be the same, the bore b uniform. 

5. Determine the diameter of the tuba at least in two perpaodr 
colar directions. While determining it try to avoid the back fash 
error, 

6. Do not forget to note down the temperature of water other 
wise the result will be meaning Jess. 

7. The bore of the capillary should be fine otherwise h will 
be smaller. 

8. To make the angle of contact xero. it is better to wet the 
the tube a little above also. 

Cflticltm : — Thu method gives fa'rly good result*. It is only 
applicable in the cases where the -angle of contact is zero. Otherwise, 
the value of T will be unreliable because the aDgle of contact is always 
uncertain. If the liquid is contaminated the angle of contact will 
change altering the value of surface tension. 

If the capillary taken is of uniform bore the radius can be 
accurately determinal by introducing a pallet of mercury in side the 
tube, and measuring its length and mass. If / is the length, m U the 
mass^adr b the internal diameter of the tube, the volume of mercury 
thread wilt be — »»*!. if J is it* density, 



Bat it is extremely difficult to obtain a tuba of perfectly uniform 
boro. Thus, the radius of the tube at the camwt be determined 

degree of accuracy. Euphermart. ultra. the cxAsmtesiioa 
of water takes place and the Undents fail to obtx-a correct vaJu-s. 

If it is possible ta cut the bare at the rad op to which water 
rues, then uniformity of th* tuba is rot crporaat. As rich, tfuictj 



« ] 


General Tra perries of ( £*• * 

A i mp»l!vy ti^e K vn-y Iir«, it ft mtrw«yary to m«uw» 1* 
fiKTK'lly itj» ti third p!a-*e of iWml with a tnkyowope, though nsuaGr 
it h measured «!{!> a ir.iTiWjy*, 

Contamination of wntif surface with any metallic contact ifitnH 
Iw avoid*!. of n metallic pin it is better we use a glass style- 

Of I Question* :— 

What da you understand by surface tension, and how does it 
luiso 7 Give its units. 2. How does surface tension differ fram 
dust ic forces ? what is the difference between a stretched robber 
iheot and a It juid surface ? 3 . Why the liquid rises in a tube. 
I. Dcflno the angle of contact ? When is the meniscus concave cr 
on vex and why ? Wat is the value of angle of contact in case of 
a) water and glass (b) mercury and glass. 5. Wny the capillary tobes d 
ine boros are taken ? What is the def/erence in pressure fust on tw 
wo sides of the meniscus ? 7. Wi I height h change if more of the 
ube is pushed in the liquid ? How does T varies with temperature ? 

'. Why are globules of mercury spherical ? 10. Why is it 

ifficult to introduce mercury in a fine thermometrical capillary tubs ? 

1. Why does oil spread over the sur/ace of a liquid ? 12. Do you 
now any other methods of determing surface teasi irt ? W.iic'i 
the best ? 


EXPERIMENT No. 9 


Experiment" — To determine the coefficient of viscosity ( *1 ) of 
T> determining the rate of flow through a capillary tube by Poiseuv 
method, at room temperature. 

Apparatus:— A capillary tube, viscosity apparatus, two constant 
baths, a graduated cylinder, stop-watch, a thermometer, wei^it 
itc. 



le script Ion of the apparatus: — T, is a costant level bath carried 
wd. It can be raised up or 1 lowered down. Its inlet tube is 
ed to the tap, while the centra! constant level tube is connected 
Sink. The out let tube is connected to a long capillary tube AB 
Ww through a glass T with the help of rubber tubing. The 
id B of the capillary tube is also connected through a T piece to 
t constant level bath T» as shown in the figure. The out let 
Xi is closed by wax, and water is collected in a beaker from the 
xmstant level tube. M, and Mi are the two lunbs of a mana- 
Ths limbs of the manometer are arranged over two fins holes 
over the capillary tube through T pieces, A scale S is provi- 
seea the two barbs of the manometer to read the levels o', water 
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f fr-i-ril af Jf-tli't f Et- ? 

! i r,<^n. T'* •! h t’>4 of w\*»r ft the t.n Jim*-* «Tr»'*f ' 

P*’*’ f of rr«—.-r» h»f «e«t »!-« t-eo *iwt« of tha capi^tT 

it M AH T'** t'i*«« \fl rnii-M (WfMlf Iwffflnfsl 


At *rr» ff'-'oe a »(>npt*f itfsnrtfn at *. 1 on In fig. 2 b u.'*’’- 
In this et<« L i» # wr* 
Lint level bath crrrvvMd 
to ar.9 end at the espiUnr 
tuM A throng*! a T pi**. 

At A « tub* M iseonsec- 
ted which serves the 
fast or ft manometer girl" 1 ? 
the level of water of tie 
constant lord bath. A 
scale is attached fcy 
side of M to read the 
height of water column in 
it. Tbo zero of tie scab 
iOincides with tha axis of the tube A 13. Tl:e end B is open, and bebw 
! is placed a beaker, ia which water can be collected/ 



Theory’ — Wh*n a liquid is allowed to flow through a narrow 
tube it opposes the relative motion between its different layers on 
account of viscosity. Therefore, to maintain steady flow of tha liquid 
some pressure is needed. If V is the volume of water in c. c. fljwing 
per sec., then by Poiseuille’s equation it is given by. 


Where P is the pressure difference between the ends of the capil- 
ary tuba AB in dynes, a the radius of the tube in cm-. I the length of 
the capillary tube in cm., and t\ the coefficient of visoasity of water. 


If ft is the difference between the levels of water in the two mano- 
netric limbs (or the difference between the level of water in the tank 
lenoted by M and the horizontal plane carrying the axis of the tube), d 
he d ens ity of water, and g tho acceleration due to gravity, then wo have. 

, P =fuig-hg (as d lot wafer =3j 
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Determination of viscosity 
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poUeuille'e formula hold* good only when tbs Telocity ol How ol 
the liquid l« below the critical velocity. The critical velocity 
depeoda upon the bore ot the tube and vlacoalty ol the liquid. 
Method'.—!. Take a thick -walled capillary tube of nearly 0*5 
mm. in diameter and 40 cm. in length. Clean it by HNoi. So, and 
Na OH. Rinse it then by tap water, Flace it horizontally on the table 
Concoct one of its ends A to the constant level fcatliT, through a T 
piece with rubber tubing The other end B is also connected to the 
second constant level bath Tt. Close the out let tube of the constant level 
bath Tj. Beaker is placed below the constant level tube ol Tt to collect 
water. 

2. Through T pieces arrange the two limbs of the manometer 
over the holes at R andS as shown u» the figure. The two limbs 
should remain perfectly vertical. The holes R and S where the mono- 
metric limbs are connected to the tube AB should be at least 10 cm. 
away from the capillary tube. In the apparatus ol the second type 
connect the end A to the manometer SL 

• 3. Open the tap so that wafer comes in T,. By racing 
or low ertog it nnd also adjusting T». fis the baths in loch pov.ions t'.it 
the w-atnr begins to come out of the constant level tube of Tuna steady 
trickle. The discharge ol wateT should not bo too Luge. In tecoid 
type of apparatus water comes out at the end U. Generally 10 ro JO 
drops per minute are suflicieut. 

4. Take a completely driel and cleaned graduated cylin Ser and 
put It below the con^biat level tube ol Ti or the end J3 at the case may 
be. The water will begin to collect ia it. As soon as yja start collec- 
ting water start the stop watch. 

5. When suj !>.->- it wa'er fcas been collected say about JW c. o. 
Stop the stop-watch til rr—o-’e the cylinder. De'ermice the i-nlums 
ol wa'er colle-tel If yn i ■<« gruiaVed cylinder and tun* I from t -* s*op 
watch, From t_i» ebse.-.-atun calrjlate the vcl .me VcJ w-nter fi ? * mg 
per ewacsl. 

• 6. Read t’>e Jr \1 of tat*r ia th# to tm!»' M, and if*. ar*J iS«j 
dettra-jiie lie Ciietrv* oi We! between toefeol— .Ss. ItwdSprtk 
In another type de:cnas»e * from the evij neg Jl. 
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7. Now change the positions of the two batfi3 by lowering or raising 
them along the stands. Consa juently the pressure will change changing 
the rate of flow of water. As d®cribed above determine the ccrresDOT 
ding values for V and h. In this way change the pressure at least 
for three to four times. Each time determine the value of V and h. 

8. From each observation, determine the value and then cal 
culate mean ~- 
To determine radius : — 

9. Remove the capillary tube and put it horizontally on a damp 
stand. Take a travelling microscope anddetermine its L. C. Probably it 
ihould be O'OOl cm. Focus it on one of the ends of the tube and deter 
nine its internal diameter in thu position as described in the erpt. °° 
airface tension. Move the tuba by a right angle and again determine the 
ntemal diameter. Now repeat tho same procedure putting another e 
o front of the microscope. The mean of three or four readings will gi^ 9 
he diameter of the tube from which the radius of the tube <* w 
alculated, 

Vote. - — A better method of determining radtoe le e* loIlow»:*-Inlrcduee * 
pallet of mercury In the capillary tube. Find »e length «t • '•* 
piece* In the tube end then determine the mean length, tel •• b* 
x. Now by raking the mercury In a prarlouely weighed watch 
gla** find the meta (m) ol mercury pellet of length*. II l» **»• 
radlu* of the lube, volume of Ihle much of mercury will »• 
=s»fl*r, H d 1* the denalty ol mercury. 


m— Ho**, d 



10. • Find the length of the capillary tube with the help of motor 
tie. 

jl. Find the temperature of water in the level both by the help of 
;b*r mameter. 

12 , Celrukte H . the coefficient of viscosity by the formula. (iv) 

Oberrretioe* -<» Teroperatnre of water — m C. 

(?) Leogth of the capillary t jfce=.M..«..,cm, 



(0 ly*3pj oS th« RKrcuTT a! 

Vuioci pliers «= 

~ CTJ (0 ... Ct-o {!} -. C5, 

M«w *= ... cm. 

(il) lU« el tt« •t'.'S i'jw e ... 

{».) ^!u> d j!a»» + Burtwy s* ... f~n. 

ft*) d rvrcurr («•''=[ J —r )— „ f-t. 
t ’cJtVen.tr <1 twtxr* (-rfl *= JJtf 









EXPERIMENT No. 10 

Experiment t— 'To determine tfi« mechanical eiai valent of 
>7 medianral method (Srula'* friction cone method). 

Apparaim • — Pearls’* spfnmtu*. a weight boa, a themometi 
twlance etc. 

Dctcriptlon of the *pp*i*to* r— A and JJ wo two trace 



Fig. 2 
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the axis o! the spindle must be »]ual to the moment due to the frictional 
force. Hence we have, 

SfgR— Fr. — (1) 

Where M is the mass suspended, g is the acceleration due 
to gravity, K is the radius of the disc, F is the mean value of the 
frictional force between the two cones and r is the mean radius of the 
surface of contact of the two cones. 

If the outer cone makes « revolutions, the work done W by the 


force of friction in given by. 

W=2»«rF (ll) 

From fi) and (») we get, 

W-2»«5fgR (m) 


When so much amount of work u dona, it will produce heat which 
will increase the temperature of the cones and water. The hear produ- 
ced is given by, 

H— (w,S + m«) (t — »i) (iv) 

Where trtt is the mass of the two cones including 
stirrer, 

S is the sp. heat of the material of the cones, 

I >i the final corrected temperature of water and 


ti u the initial temperature of water aod wnes, 
mi is the mass of water id the inner cone. 

But according to joule’s Law 


J*“ — . therefore, from (iu) and (iv) we get, 

2=n.VgR 

J f«.s*«i.wn7Tl ' J 


Method— l . Tate the two onatal clean them. Place one 
n to another and see whether the outer one can rotate about the inner 
roe or not. If tie friction b too large, reduce it l-y luhrwaistg the 
urtsoes of the oa-v*s by od- Sea that very Uttls o l is used. 


2. Determine the mass of the two Oars the stirrer l-y 

tdi-Toe- l.*t it ti® n , Eemero'«ex t v at is—Jif tee co=k are 
wy heavy aod u yea send sot use a secatw# to lance. 



■>1 J 


' ir^f 




Fill hn-f rrtn* »p fjn-vly f«~j third* with 
fttnln Trw AU*f*ra tv>tw~l l*H t* 
tWotmt o,^ ti/w |h , cf M , rf fll j*U3 t£«nr-* 

**»» fm. 

*• I‘u !?•« outer cot* on the etonif^ il>«t. del * 7 ^ 

Am above t** Inner ma«. Fit on* end of the string on tf* f 00 * tf 
t?so due find impend a pin carrying n mw M by fu * rwt ' iff <s ** - 
very important to s*t ir<at the itrteg while pacing over ** 
remains perfectly tangential to the disc D. Now rotate tie *P ; 0514 5 ‘ 
hand or fry electrically driven motor. 

3. I\it the thermometer T in the Inner ene passing thrwB 1 ! *■■ 
disc through n cork. 

fi. Adjust by trial and error the mass lathe P 33 in sad* 
jray that while the outer cone is moving the inner one remain I stl!l ^J 
(Though students encounter great difficulty in doing this in the «**" 
ning. after some practice it -will become very easy). When this ^ 
ment has been done note tho initial temperature of water and the can* 
by tho thermometer T. Also note the reading of the counter. 

7 Now start the stop watch and go on moving the outer ccao hr 
driving the wheel. It is again very important that tho wheel shouw 
be driven at a constant speed, otherwise tho inner cone will not rem^ 
stationary. Stir tho water constantly so that tho temperature remain* 
uniform. 

£. \Vh»n tho temperature of water in tho cone rises by »hout 
5 to I0°C. stop, rotating tho spindle and the watch. 
final temperature of water r lti by the thermometer. Determine 
tune T by the stop watch for which the wheel has boen rotated. 

Again rend the position of the counter and determine the number 
of rotations (w) performed by the outer cone. 

To determine Radiation correction! — 9. To obtain the radi* 
tion correction, find tho fall in temperature for the same time for which 
the experiment was done. Let it bet h °C. then the radiation correction 
will be “C. Add this value to it to get the final corrected temperature. 

10. To determine the circumference of the disc 2a R, take a thread 
and pass it round tho disc completely, and then measure it on a meter 
scale. To get more accurate value, two or three turns of tho three 
are taken, and the length of the string Is determined for A** 
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turns. Dividing It by the number of turns, the length for one turn ca 
obtained. 

11. Calculate the value of J by substituting the correspoc 
values In formula (v), 

12. It there is time left, vary the speed of rotation, and the : 
M suspend*! by the thread. Repeat the procedure tn the i 
way, to get the o ew values, and calculate for J. 

13. If you have taken few sets of observations, determine 
each set. and then calculate the mean value of J. 


Observations'— 

1. Mass of the two cones with stirrer (w.)= grn. 

2. Mass of the two cooes * water in 

the inner cone (wj) = ...gtn. 

3. Initial temperature of water (t,) ~ *C. 

4. Final „ of .. (/») = *C. 

5. Initial reading ol the counter (cj) = 

6. Final „ „ ct ~ 

7. Mass of tbe load suspended 

from the string (M) = gro. 

8. Fall in temperature of water after 
cooling through the same time for 

which the erpt. is done — fi*C. 

9. Circumference of the disc D (2nff) = cm. 

10. Sp. heat S of the material of cones = 

Calculation*; — 

1. Mass of water (mi)— ob. 2— ob. l=...gm, 

2. Rise in temp. (/*— ti) — .. 4—.. 3=...*C. 

3. No. of rotations made 


by the cone— (**) — C*— C t =ob. <5 — 5 =... 

4. Final corrected temp. 

5. Radius of tbo dice R ** ... cm. 

Substituting the proper values in the formula. 

• j-s — ~ — , calculate J. 

tm,S + tt«t)Cft+ “g ~ 
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Result:— The mechanical equivalent of beat— ergs/calone. 

Precaution* and sources of error:— ■ 

1. The string ' carrying "the mass should remain tange nt 

the disc. ^ 

2. The disc must remain stationary i. e. the mass suspe ^ 

remain at the same level. Th.s can be achieved by ^justing ’ ‘ ' th# 

of the wheel. As the temperature rises, to keep the disc 

wheel will have to be rotated with more speed. 

3. Before starting oxpt. the cones should be properly 
otherwise friction will be extremely large, and it will be very 

to perform the experiment. ^ 

4. The pulley P should have minimum friction, otherwise 
tend to chango the value of Mg in the formula. 

5. The water should be constantly stirrwJ. 

6. The radiation correction should always be applied* 

7. The water in tho inner cone should not bo so much ih. 

, , l. c ' 

s. A thermometer reading upto -g- C or ^ ^ 

rote the temperatures. 

Clllcl.m-Ttoval^olj lounJ U ** ” 

unli d-j. w ft" ra*™- 

( | ) Tk. rua of terof.r»tur« u ver. imfill. nml , J,r0 * 
cannot be determ fuel very accurately. 

(,) The t»m features are determ!n«l by mncMT 
team and Wt by standard thermometer*. 

i^) ThritfS the nLxnm con* *>« ^ 

t ^ t ,. haa * ***r»t*t TUerf ** *+ 
by t w eur^M fa »I /-flT 

i A Tie is/£Tpr.m «h»t t'-» ttfnf wrHi ^ ** * " 

lie;:*. t:» tw-'s s* ** »*vy Sf-'-unH 
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Oral quo t 'on*' — 

1. What is Joule's law ? 2 . Define J and give us units ? 

3. How is heat generated in this experiment? 4. Is this process 
reversible or irreversible ? 5. Why is it necessary to 

adjust the speed ol rotation so that the suspended weight 
remains at the same level ? Is it necessary to rotate the 
spindle at a constant speed ? 6. If you increase the n right suspended, 
•why the heat generated increases ? 7. Why the string should remain 
tangential to the disc ? 8. Which of the tivo cones rotate ? 9. What is 
Tadiation correction and how is it applied ? 10. Why the resuite 
obtained by this method are high ? 




Fi*. I 

can he odmittal Irani the boiler* The steam after beating the «m! A 
t«uae» 03 1 from the other out let. A copper spiral tube |i 
around the other am! U of the bar «u shown la the figure* The * n ‘~* 
of th* spiral tt.be tarrla cope la whi.h } thermometers can b* flt<»** 
Coll water u ctrcjhsteJ to the spiral tube. Cold water Is alJjwaJ to *> , * f 
the spiral tab* Iron a *-»Uaat li/el bath { not shoe n ) to eti»'*f* 
atsaiy flow. A/isr cirtjl *!.=*, the water ojrr.wi out from the ot’**' 
after toi mg b**t from the tar. wht'A can be coJb* (cl In » csL-.fcfor. 
rv, t»o therrMeseter* S 8---J It gi rm r«c;«< (//if/ the tempirat 1 1 * ot 
ts flrei'p **f oat r.T*i.'.g w-tirr. /fesbofa* are *!!!-»{ et 
* the bir, e/iJ t*i risrrwe'e* I' a*J 0 

*sa»i h I «f- T 3 wc-.re Wr^r »«act. l# pl*e«f b» 
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k«S9 holes Th.mu 

’ pr ""“ ,ht or 

‘ WK “ ua wooden case- 

: >» ,r 02 ra "'*' “» ° ,k " -j. 

’ Wat « per Sec. will be, fff w#ter J heat taken up 

_ • t (**-M (i) 

"•“■■WQno™ „. thr<lu3hthobsiug _ 

Q»KAiC*!_ (1 .. 

' V ‘ S ” K '' ""“I 

Of the material of tlio bar. 

g .nrffl ° r0a ° f Cross '* ec “ on the bar. 

E ^tm/(0 anTuKe"^ * W ° thennoraefers ' 


KA 


ici i 


0 7^ Bi - e , ) 


or K = -M ( Oi~B. Vi 
“ “>• rad.u, of ih. to = , ; A _ 
or K = Hi 8>-0.)d 

«. <«*) 

Method i n„ 

° iIer - rh« s 4 m 'Tf- "J 6 * * uba cona « l *tmn. chest 

' assos ‘Hroujh the bar p,» T ^ ,h ° CDd A k he3f8d and t( * 
‘-bar. Put h8 thermometers PandQ fa the 

acd alW LV^r * n , d ° f 11,0 * pfr * , . tab “ to > constant Jerel 
toaiwijaj „:.l , ‘ f” 1 0 nrada !e in the spiral. For this 

* oa viscosity * Tt- ““ t3 bo ma-'e u erplxiaad 
' 0 trickle o-w- !? w “ w ^° ald ™ ^ to the 
3 8 and out n • * temperature deference betireea the 
^eterj R am t c 3ai , n3 ”*** WiD ** ve *r « B »H* Insert f*a 
■me'er* v ~ , ,e ca£ * s 3t *’• *wo »ds of the snnl. Th<ae 

aej sn* r " d up w ,/5 * & T** H»* *?*Ui be 

aeters b. — *'* df ‘'erer;oe of temperature beteeca the t*-o 

^ 5 oe mare than J 9 C. . 
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3. New wait till the bar attains steady state. It ^ 

cleatljr n'tM that t’l® rate of fb* of water in the spiral mast totem 
constant throughout. When steady state is reached, the temperature* 
indicated by the four thermometers will attain a steady vafus. ( b 5,9 
it that in the steady state tl e four thermometers do not show the same 
tempem urw ). Whether the bar has attaint*/ the steady state or not 
can be determined by Rating the temperatures in the four thermometer* 
after every five minutes. If there is no change in the respective 
values of temperatures denoted by them, the bar b said to have attai 
the steady state. It takes about 33 to 43 minutes to obtain this 
condition. 


4. When the bar has attained the steady state, read the 
thermometers. Let the temperatures denoted by them bo Si> 9u * 
and 0,. respectively. 

3. To determine the mas. of water flowing per sec. in the spifld 
tube, take a clean and perfectly dry measuring cylinder. Start 
stop watch and collect water in tbb cylinder for a certain interv ^ 
time say. t seconds. Determine the volume of water from * ie 
As the density of water is unity the volume will be equal to t a 
Knowing mass (M) discharged in time t. determine the rate 0 
i. e. mass flowing per second. The mass collected «■■* £ 

determined by taking a weighed beaker, and then eoUoct, “ 8 * 
it. Again weigh the beaker after the water has been coUo ° , 
difference between the two masses will be the mass of water w i 
been collected in t seconds. 

6. Now repeat the whole process again after changing the rate 
of flow of water. It can be done by altering the position o ^ 
constant level bath. Once the rate of flow is varied, you lave g a 
wait till the steady state is reached. Again determine ,. *. »• ^ 
M in the same way. It takes nearly half an hour to reac 

state. Hence it is advisable not to change the rate of flow, u 
same rate of flow, collect water for different timings. 

7. Measure the distance d between the two hole with the 
help of ve.nier callipers. 

S Measure th-'diameter of the bar also with the help of 
callipers. Determine the dcimeter at three or four deferent p 

a, tar. Asd lira etalu.meio iaMlw. 
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9. Calculate the value of K by each set of observation and then 
determine the mean value of K. 

Observations'- — 

Length of the bar between the holes — cm, 

[f] Determination of the r.*Ut* ®/ the bar - — 


L. C, of vernier callipers — . 



1 Diameter in any 1 

Diameter m perpendi- | 

I 

\ Mean 


[ position 

cular position , 


' Diameter 

I 

z 

- 





_ Dia meter 

r " 2 ' atu 

[2] To know whether steady state is reached or not ■ — 


g 

E 

■ 

n 

1 *’ ! 

■ 


5 min. | 
10 1 

H 

m 

■ 

■ 


20 ” 1 


B 




25 "| 



Hi 

mm 


&No.i 


Coacluilnn : —Temperatures are steady, 

W Observation table for 6„ 6,. 6,. M a*>d t : — ■ 
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Calculations: —From each set of observation calculate K and 
then determine mean value of K. 


Remit: — The coefficient of thermal conductivity of copper 
= calories/sec/sq. cm./unit lemp. gradient. 

Precaution* and sources of error: — I. The bar should be 
covered with cotton wool or felt otherwise radiation losses "ill k eCom# 
appreciable. 

2. While takidf one set. the rate of flow of water through 
the spiral must be maintained 6teady. It con be secured only *'* a 
constant level bath is used. If the water is admitted direct from t e 
tap. the rate of flow will not remain constant. 

3. The rate of flow should be ns small as possible so that ‘he 
difference between I, and /, may be quite Large. But mind lt» ‘he 
should always remain continuous. 

4. To have better accuracy for the same set. determine the rtU® 
of flow for r number of times, and substitute the mean value n 
formula. 

5. The temperatures should be noted and water collected 
when the bar has nttamed the steady state, otherwise the heat IM« * 
through each section of the bur will not he the same and the form 

will not apply. 

6. The thermometers I* and Q: anti R and S should be Inter 
chang'd. This wifi eliminate the rrror due to the defect t. 
present in thermometers. 

Criticism-— The Rpparatua gives fairly r^ 1 results. It j* »“* 
table only for goal conductors of bant which can be *vat * " 
forms of cyLoderr. 

F,ar pr>r* accurst* rwofcs. the bar s'wiU bo heated by * ^ 
vrrsrP-J r^od th. end A. TU tenfentw* 

BXAW*! if pla^*"* rwniir-e thermometer*. A* t'«» ** m 

tsv tnt ty*2y *£w*u**t fh*r chu* tear* attar. 

0r*l *3**rl«»*~ 

S rw.a* *arf-V*rt o’ as*! wi *ty <d* p.bs-’av* *r*l **'*»» 

i Wiu do y-m by the steady «*<* e* ft* 
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bar ? Is it essential to obtain it in this case l 3. li the rate 
o! How oi water is altered, will the steady state be disturbed ? 
If yes why ? 4. Why do you take thick bars and cover them with 
felt ;r cotton wool ? J. What do you understand by temperature gradi- 
ent ? 6. How is the rate of flow of water maintained constant? 7. Why 
the rate of flow of water is kept small ? 8. Is this method suitable for 
determining K for poor conductors ? 9. What is the difference between 
good conductors and bad conductors ? 



EXPERIMENT No. 12 


llxpctlment r— To determine the value of t the lati 
two specific hunts of n grw, one a t constant pressure and the 
constant volume by Clement and Desorme's method- 

Apparatus : —A large Hast connected with a liquid man 
compression pump etc. 

Description of the apparatus' — P ts a flask of glass 
capacity {nearly of 5 litres). It is surrounded on all sides by noi 
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y by Clement sod Desorme's method 


stationary, indicating the excess of pressure of the compressed air over 
that of the surroundings. If P is tbe atmospheric pressure. P, the 
pressure of the enclosed gas, h, the difference between the levels of the 
manometric liquid in the two limbs. 6 the density of the liquid, and g the 
acceleration due to gravity, then we have, 

p,~p+i», eg .(») 

Now if the valve V is suddenly opened and closed, the enclosed air 
in the Hash will experience an adiabatic expansion. Momentarily the 
air inside will attain the same pressure as out side. But due to sudden 
expansion the temperature of the air falls. But the temperature of the 
enclosed air wilt tend to increase and finally attain the atmospheric 
value. Consequently the pressure inside the flask will increase and alter 
* wrnie time the manometnc levels will again become stationary. Let 
this difference between the two levels in the stationary state be /<(. If 
Pj now is the pressure of the enclosed gas. we have. 

P,= p + /.,e g Xu) 


By considering adiabatic and isothermal changes, and simplifying, 
from 0) and (n) we get, 


/jP.WPj. 
\Pi ) ~P “ 


...{In) 


Where V = ^ . Cp is the specific heat at constant pressure, and 
Cv is the specific heat at constant volume. 

By tailing logs we get, 

y ( logPv- fog P,)=fo £ I\- log V 


*’ Y log P, - Jog 

Substituting the values of I\ and Pj from (i) and (ii) in 


y— fog (P+ h,?e)—log p 

log (P+h,2g)—iogTp+ HP*) * 

i+ ^7T 'y~ io i ^ +,[ p S ') 
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As h, and h, are much smaller than P these log series ctniw ex- 
panded, As the heigher powers of k are very small. retain tag Only the 
first power of A, and h, we get. 


. h 
hf—ht 


~(v) 


Method-'— *1. 1 o get rid of the moisture present in the flir iaCW 
duce a few drops of concentrated sulphuric acid in the flask. ( These 
are usually put there and you need not worry about ; if. But you must 
check). 


2, Connect the manometer M to the flask with Lie help of the 
side tube Q. 

3, Close the valve V nnd connect the side tube Q, to a tomprer 
ston pump, and compress air inside the flask. Co on com pre^in/ 
nir till the difference between the levels of the two tubes of tie 
manometer is nearly 5 to 10 cm. Now chej the stop cock T* 
wait for some tune till eh a enclosed gas att.Hm the atmospheric 
temperature. Now the (no levels in the manometer oil) become 
stationary. Note down the levels of the two limbs and determine the 
difference /«, between the two levels. 


4. Nett open t^o value V awl clone it suddenly. The mr Will 
etpnird adiat-aficaJJy. It* temperature will euddenly /.ill, and 
momeolarJIy the air its-tde will attain t'uj rime pressure ns out 
ski*. This will N» wdrfntwl by ns Is/ot difference in the two 
iKMomwrK tube*. W ait fj» some time till the ale niftm 

nrtam* t'-e afoiuaphersc temperature. rhe pressure will kicrertj* 
ail el:, r.srely it will Iwcnrne it«uly. The two levels In the 
Rioom-s t*» wifi ip:s b»ome stationary fiend (he two tovU 
tni detarww C'ert J Hnrtne* •*». 

j, Jlsyni tie *a.-u» f-r x»!-ire at |tw*t Intent fl/ory 

C-re fcjre t"* tsl «» of A, a;*l Ax. 

CtX-Ja*e r t r /*r*ru£* i*l hr e*‘» **t, a.-*tif>mi Iwl t heme * o 
r-ii-* * >• 

jfe*. —ii *1*7 f l'* ra* a~Mb‘****^ ys*> *• Ay »a e«). 4 v«f 

.. ftistrw ft.* *•«•#. If *'*. I'rt'wt 

r u^W 4-s * fwfce* as *>>•* B.« »rw.*J If-* *•*»*«, 

(4 i»i .»* .* ►«# mss. A-yra* /♦*»■>» mti *» 

*. * fer #>*?* »d c-e A—’-t */ «k+ jo« 
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Oburvatlon* : — 



Calcnladon*: — Calculate Y from form ail. 


Y = —J ' by «tv:h set and then determine the mean 
-I- .IV. *•■*• 

Rciuli y=r ( xia unit* ). 

Viecaubons and eourcct of error ’ — I. Il is very important Jo 
fi'* experiment that the flask should be perfectly aw tight. H 
it is not 10 the level wjl not remain stationary. In that ease 
*** should be 0 seJ and tlio flask should he made air tiiM. 


2. The enclosed gai shouU be roropletely dry. Cost. 1 1, SO, ii 
therefore. placed in s'da the flask to absorb the moist ere. 


3. The manomtlric liquid met jx««s low das-ty and Ij» 
vapour pre-sure, so that the d/ference between the two levels 
in the manometer tubes for t’ « *vn* d.fferraae of ptw-Jt* 
way fee large. That is *Vy vain > r*.«i U'-ot Xtkn is 

normally preferred- If xylene »v adxs ryot essTy arvta! 1» 
Vme low grade Mobil cut nay be tee»L 

f Tor t - » appl oddity of formula (t), l. and t| shy-iIS trx l*. 
'■eryUrcn. 


5- The levh in the cranynetws t'oi’J 1» noted only af!« t'« 



Heat 
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'0 ] 

As /,, and /«, are much smaller than F these log series can bee* 
landed. As tho heigher powers of h are very small, retaining only the 
irst power of In and hi we get, 

Y=~r- M 

hi— ht 

Method-— 1. I o get rid of the moisture present in the idr towr 
luce a few drops of concentrated sulphuric acid in the flask, t 
tro usually put there and you need not worry about ; «t. But you 
iheck). 

2. Connect the manometer M to the flask with t.ie help 
side tube Q. 

3. Close the valve V and connect the side tnbe Q» to a cor71 P^ 
lion pump, and compress air inside the Ik* O « 

Ur .ill th. difference between .he .evelsof the t.» ^ 

nanometer is nearly S ... 10 cm. No,, clou “" osphl ,ic 

e-ait for some time till the enclosed gas ntlo.nst 
temperature. Now the two levels in the ^ lh( 

stationary- Note down the levels of the two limbs and 
[iiffertcce /r, between the two levels. 

4. Next open the Value V and close it suddenly. ...I 

expnnd adiabat.mlly. lie temperature will suddenO ' ^ 
momeutnrily the air iuside will attam the I^Tuube two 
side. This will be indicate by no .eye. d, erenra * <* 
manometric tubes. Wait for some time till the 

attoina the atmospheric temperature The preemre lU 

and ul.imn.ely it will beiome steady. The two £* < " „„ 
manometer will again become stationary. Head the r 
and deter”* 09 their difference Aj. " * 

5. Repeat the same procedure • 

•{jme note the value of h, and h t . _ f ■ 

6 . Calculate 7 by formula ( ' , 

value or V* , - 

iD«f pUc '''' h ' - - 

puop.Th.P”"^- 

“ - nl 

... »st rcr* =* 7* 


EXPERIMENT No. 13 


Experiment: — To determine the height of a distant tower Ota 
building with the help of ft -.extant. 

Apparatus'- - A sextant, a measuring tap (SO* or 100'). a plane 
mirror etc. 

Description of the apparatus— Sextant consists of a graduated 
arc AB connected to two fixed Q 
radial arms BC and AC. The arc 
subtends an angle of 60^ at the 
centre. ( But on the scale 120° 
are marked). Each degree on the 
scale is marked double to make the 
instrument direct reading. If the 
mirror rotates through 5°, the 
scale reads 10°. CD is the third 
arm which is movable, and carries 
at one end C a plane mirror M, 
called the index glass. At the 
other end it carries a vernier V Fig. 1 

which moves over the arc AB. The plane of the mirror M, t« perpen- 
dicular to the plane of the arc, and parallel to the length ol tho arm 
C D. There are screws fixed at tho back of these mirrors to set thw’r 
plane perpendicular to tho plane of the arc. A half silvered glass 
plate Mi is fixed to the arm AC which ts called the horizon glass. Its 
upper half is transparent while the lower half is silvered. The plane 
of the minor Mi is also perpendicular to the plane of the arc, and parallel 
to tho arm BC. A tele-cope T is mounted on the arm BC which is direc- 
ted towards Mi. The axis of the tetewxspe parses through the centre of 
of Mi. Sometimes in place of a telescope a hollow tube with a small 
hole is also provided. This is of particular use when the object to be 
observed vs mt very distant. A tangent saew is also jxovided ta make 
fmo adjustments. 

Theory : — When the arm CD occupies foe position CB, the 
tvlanes of M« and Mi *r». pandW M «ev-h TIC w.rkx 
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?* I LliM 

I s -* trf> pouts) 1 ! of l‘i» riruiLtr AH. A ivo>I*n handle is provided 
»ntS the p"ttan* t) I .of l ft h IsaetK Som'-tim*? a xtrvruF is a ho pn tided 
rrt w’rreV I 1 :!} sealant cut be fined. In rtf* pars ti w. if t' w teksatpe is 
fwin'ftl I ftSbU a distant object, two image* will be seen of that object 
cdincinding with neb other. Oat h seen through t'o transparent par 
ion, ahl.e the Other is 
due {3 the rays which have 
been doubly reflected once 
nt M, and then 3t Mi. If 
the mirrors are parallel the 
rays will be parallel and 

consequently the twoimages 

w ill coincide as shown in 
fig. 2. II it is not so the 
instrument possesses zero 
error. 

Fig. 2 

Sextant is employed for determining the angular separation, 
between taro distant points or the angular elevation of a tower or a 
building. Angular separation, then gives the height between e two 
points under consideration. Suppose the height of a tower is to 
determined. Then, a reference mark is made at the bottoon of the tower 
in level with the eye. 

If the telescope T is directed towards this mark its unaff« wil 
seen through the transparent portion 
of the plate M«. Now the arm 
CD is moved so that M, moves 
and receives the rays coming from p 
the top of the tower. These rays 1 
will be first reflected at hi, and 
then after getting reflected at 2lf» 
enter the telescope and forms the 
image of the top. The arm CD is 
so adjusted that the Image ot the 
mark and the reflected image of 
the t»£ coincides. the angular sepa- 
ration of the ref franco mark from 
top will be the 4 QCP,. But when 

the mirror terns through an aegis. ' Fig. 12 

the reflect #1 raytnms through twice that angle. The angle $ through 




I /5 

tnc'j the mirror is toiaol is measured oa the scale. Natural!? 2s* 
U be the angular separation. 


Now let h be the height 
of the tower I’Q. Let “ and 
B be the angles subtended 
by the tower at the tsvo 
places RandS respective!?. 
Let the distance between R 
5 and S be J. then by simple 
geometry we have. 

f«1 

h cot 

Subtracting M from (0 and mhrrog we g-t. 

».«— - — (iiO 

Q3t (J - QJt • 

0 md p are d?‘ermia*l wi'b (he help o) a semnt. 
bnd — 

To adjust (be ewtanf— I. liridg (<ie i»mu CD near the 
',!» ot the vrale. and Vw*p>ng your eye net the rvlex glv* 
ta tt for the fro it part of tie *-iU. ({tin tmaje « a 
r\m» plana as the scale. Lie pltiv* of ( .e i.mlex gU*» 
rves petptndiaiVur to fie plana oi the an. II itu tra *o. 

» ('.« screw* provad«l at the tack of the mirror. n>l mike 
adjustment. 

2. Oheerv* n.ny object firoogb the teioscope eaJ adjust it in roJt 
ay ih»t ii» two marge* corvride at tbc centre o* tS* fi»li 
«*■ Now tdt the arvtaot «> that tbtte i-uag«» In mu the 
of the IielJ of new and note it they ttd) coincide. Tilt 
the opyov/.e drtcian id t-iat the »-/aaj-s 1,« near the 
i!( edg*. If the so.3'«lwi» pnr»iit>, t m su of Ifce 
ope »» jntiM to t‘;» scale, d ». a not no, aJjasj the 
ope b» means of the mn |rn i&*l 



J. Pah! the sev'irj toward* a stsast o' jwt. Vw wd! tee two 
* one i,t*.t aod the tdhrad cm*. Ad;i> the 

hie a-n u that the d.r»t is»;» and the re |».n»f iru,-t 
W Tf» caft more* Vy tnomg the rmthh 
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arm h bn rplfKt*! 1 mage. Jf tho aji/roftferrcer is perfect tho 
toriron glasi h parallel to tho fndox glass find perpendicular 
l<3 the plans of the circular swtfe. // ^ ara D or 

parallel on 9 imago will Co jjdj ways Wi th respect fcj the other. 
To trcmove this defect tno/o tho screws presided at the hsck 
of Mj, so that t M, ami Jlj are sat parallel to each other, and 
tho two Images coincide. 

To determine vernier constant :— 4. (n) Determine the number 
of til visions marked on the circular scale. Usually they are 
sixty, nml therefore V. C. of this scale will be one minute, 
(bj Now determine the number of divisions on the vernier 
scale. they are usually four in number, therefore vernier constant 
of the instrument will bo 15 seconds. 

To determine aero reading 5. As described in theory, mate 
a reference mark on the building in level with your eye. 

Move nivay trom tho building by a considerable distance and 
select some place on the ground. Mark the position of this place Let 
it be S { fig. 4 1. Now standing there, point the telescope towards 
that reference murk. Direct image of the mark will be visible through 
the transparent portion. Move the arm C D and gat the reflected 
Image of the same reference mark. Coincide these two images. Read 
the vernier and the main scale, ft gives zero reading at that place. 

[ Some times to determine the zero reading, the movable arm Is so 
adjusted that the zero of tho vernier coincides with the zero of the 
circular scale. After making this adjustment, the screws provided at 
the back of the mirrors are adjusted to bring about coincidence between 
the direct image and the reflected image of the reference mark at the 
centre of the field of view. 2 

6. Next paint the telescope towards the reference mark so that 
its image is clearly visible through the transparent portion. Now rotate 
the arm CD so that the rays from the top falls upon the mirror M,, 
and in this way obtain tho image of the top in tho telescope. In this 
ition will see two images, (a) the direct Imago of the reference 
irk, and (b) the doubly reflected image of the top. Clamp the arm 
CD and by tang’nt screw adjust CD so that these two images completely 
, oa toe cross-wires. Read the vernier and the main scale urxl 

' giye* the angular elevation of the top with report to tho j 

fl „.,rV Add or subtract from it tho zero reading ( as the cum > 

reference mars. '* • j 
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7. Now move away or towards the mark say through a 
distance of 15 to 25'. Again find ut the zero reading at this place. 
Repeat the procedure described in step 6 surd determine the oew angular 
elevation ft at this place. 

8. Find out the distance between these two places with the 
help of a measuring tap. It gives J. 

9. Knotting®, P and <f determine h. It will be the height of 
the building from the reference mark to the top. To get the actual 
height, find out the height of the mark from the bottom and add it to 
li* This will be one set. 


10. To get another set of readings change rf. Take more sets 
if there is time and similarly determine the height of the building. 

11. Determine the mean height 
Observation! — 

£ 1 ] For the L. C. of the instrument •— 

< « ) No. of divisions on the circular scale (*) = ... 

(ii ) No. of divisiqa on the vernier scab ( y ) •» ... 

(fit) L C. Of the instrument = — — . . .0 =■ ... minute. 


L 2 ] Obutvalian lab’i/o) < 


Zero reading when mark 


V. S. | Toiii i Mean M.S. , 'V S. |Mwin-b±a 
Read ing I _ Rendmg Raiding Totl f lb) 1 


CM Sietit »r tatte coo he wuntr/or 0 olio. 

1 4 ] Distance between the two places (J) = ... cm. 

1 5 3 Height of the reference mark from the ground (c) = 
Calcu l»« ion* Elevation «=bbo = 

Elevation /?= = 

Knowing «. £ and d determine h by the formoh. 


cot P - cot ■ 



n 


j Light 

t Ms’ll of tha ImiMing ttm tbs r.fewnw nrnk (<_•)=. ..meters. 

/. iHj’it of lb* bnilJittg =(()♦(<'• — ...metres 

-Th# height of lb* bulMin*...-... «...«»»» 

VoM'-th* h»lght u * n f, ‘ ,!l0 - 

*• - ,io pta rf 
“'’^T'^.l.a.m.rro.. H. nn.1 M. mas. be penile! to ead, other 

i — ~m,\icul u to th* piano of th® arc - 

“■ u,so, ” m 

0,1 *-*--«• «—• ^ r °' • tar-ta 

*" c r«-r» rr"“".£o'S 

mined. 

andoottetj “ o ,be elevationof tbe .on. wlll> 

M °‘ 1 ; ^ .» 

the help o fa horizon is a horizontal reflecting surface. 

Hi"-- 1 ; JS 2 ZZZ in • 

It can bo either a 
olano mirror. 

2 Place tto 1*““ S 

p on a ' well W”* 1 “j 

E**— « ,h ° 

the sun- . 

3. Direct the telescope to- j 
this mirror to look for S, \ ^ 

s ,ait-“*” ■>«««' * h '°“- h r, e .s 

ft, tnepa'”' If""- to , , h „ „n«jrf Image of to >• la 

else teen throat 
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two images on the circular scale by keeping the plane of the sextant 
vertical. As the instrument is held above the artificial horizon, at the 
point of observation Q. sextant measures the angle DQR and not SPS, 
but since the abject is quite distant, these two angles are almost equal 
awl so L SPS,=£ DQR.[ It is thirtfort ulwajs beiltr to hold Iht 
sextant as near to the horttott mirror as Possible. } 

4. As is clear from fig. (5) the elevation of the sun will be lislf 
of the angle SPS,. 

2. To determine the height of a building with the help of a 
•extant using an artificial horizon. 

Hint* - — As described above, determine the angles of elevations 
° and P at the two places distant d apart and then calculate the re H wired 
height as described in the experiment. As the observed angle differs 
from the angle of elevation, observations should be made from a place 
fairly distant from the building. 

J. To determine the horizontal distance between two points 
*t a height in level with the eye marked on the wall. 

Hints (see Fig, 6). 

1. P and 0 are the two points distant I ‘apart. Hero, i is to 
be measured. 

2. Take two points R and S m 'such a way. so that they are 
collmear with P and the line PRS may be pei pondicular to AB. 


A 



Tig. 6 

. ® etenTli “e the anglular separations « and P between ti 
t»»ts*t RandS respectively as described in tie experiment. 

5 Measure Lie distance between R and S. Let it be d. 

6. Determine l by tie formula. 




'cot «-co* p- 



7. In this case the sextant h fo hi held horizontally 
mining a and /?. 

4, To measure height foci ween two spots ( both not 
eve! of {he eye) either both above eye level or one below toi 
other above eye level- 

Hint*. { I) Suppose both the spots are above the eye I< 
Determine the height hi of one of the spots from the eye level by 
sextant. Similarly determine A, the height of ‘the other spot frcen 
eye level. The difference between these two heights h, and hi g 
the height between the two spots. 

(2) Suppose one is above the eye level, and the other is below 
eye level, First determine the height between the eye level and the s; 
which is above. Let it be fi, Then determine the height between I 
eye level and the spot which is below. Let it be fit. hi +ht give s I 
required height. 

Oral questions: — 

I . Explain the principle upon which sextant is based. 2. \Vh 
are the adjustments of the sextant, nre they necessary ? 3. What in 
the functions of the two mirrors ? 4. How is the instrument made dir« 
reading ? 5. Why coloured glasses are provided with the instrument 
Explain artificial horizon. 7. Can you measure the altitude of th 
sun with the help of this instrument ?S. Explain zero error, does i 
depend upon the distance of the object from the point of observation ! 
If so what is the relation ? What do you understand by the terms 
angular elevation or angular separation 7 


EXPERIMENT No. 14 


Experiment: — To determine tha refractive index P of glass in 
the form of a prism, for a given wave length of light ( sodium light, 
A =■ 5893 x 10'* cm. ) with the help of a spectrometer. 

Apparatus A spectrometer, a sodium Lamp, ( or any mono- 
chromatic source of light), a prism, a reading lens, a Tamp, a spirit 
level etc. 

Description of (he apparatus Spectrometer mainty consists 
of the following parts — 



(1) Collimator : It is a metal tube at one end of which is an achro- 
matic ie s system Ll directed tOTtnixls the pri-eu table P, T, 
At the other end is fittod a draw tuba carrying an ndjustibla 
vertical slit at its end. The draw tube tan bo mo •‘cd in or out 
•with tbs help of a rack and pinion artan-emeat. S is the 
•nurca of tij't v^ich is pb.c*»l in frcr.t of the slit. The width 
of the slit can be adjusted by a screw. The draw rube a »n 
tyjusttd that the sSt lies at the focal fpfctae of the Ions Li. 



Y r,n r ”'rv f.'« f‘* rtrf‘ssi2‘« !Sr 
«<• f„»„# .C,’’ " ' 51,M *■* fm 1: iirrSi^ 


r " ;n// ‘* ' CT *» pnJimfs/ /rora 0‘ O >- 

» rn„ J*7 ' " “* *“ ■' <’* *««fc ** ^ 
of /;,# ;, n#( , n wib/ n*H pas&V/tirrjjit’a^ 

*l«> 0 j ,e ***opo is Mttac'ied to the aicolif S^’ 1 ^ 

“Mr. o/ ,i„ ™ : '" r i: about ,1, , OT£ j „ s passim &T,>i 4 
ft MM. „l w trfi fa ** 


nc/ ' ro wniic / 0fu s . ful *« ft< <w» end of wfi/cfi if tani* w 

n drnw tube /«, /j ff . m ca//eJ tio objective ghss. At tie oi« c 
r,OCO - fomsdon’c e ^ rr ^ metho "oss-nires and the Rm * 4 r 
*7tml locj/ langtha k e ! IeCe coas,sis fro p/nnoxonvrc I<ss« c 

/i„7j ; ' ,t o/ fh «e firo lenses */. < ^“ S “ /lJfdtl boj-ood ti® 8 M 

also 

«W7„ “ «■ o«< '“*■ Ti. dtsw tat. o' 

boam , .. fl tub. tolosoopo JZ a,J ' ! »**» ainsgsmest. R 

S nf!' “« *»» f ™2Z ,mM ‘° 

u f" o,,i ’ *«■ “W~' *> i»<»- 

Her ts tie tangwaf 


fibl. Oltwo, ts'T'ZjJZ-t''” mC “ br 17 "u«.i.t . 

table over rho C ircu!q r , V ' ’ r, '‘* ;/l mov » wftA <A« 

is placed tie prfs m . , . Af f, ' e ‘ coo,ra *»<» table 

,,b. to- ail./. ■ v ” r "“' -'■ ft tM 

• abi.au t. -t™,., .Tb", Z ? ; "• 

b.. P * . i« m L" Z, tr.bM' 

is capable of rotxioa abouf a veaijU ti;» pm.- * rwn ‘ w * 
the cesfre of ti» b>« rlOTim , r tndepevUnt!, Q , ,‘y* , 

Tfce pri« table of cr.-ul^ plltv '^op». 


tie cesfre of ti» b>« rlOTim , r tndepevUnt!, Q , ,‘y* , 

Tfce pri« table of cr.-ul^ plltv '^op». 

ft»^ s» fcTrt # ? ^ ”»•». 
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■' an equilateral triangle. On the 
pper su lace of the table parallel lines 
tee drawn aa shown in fig. 2. One 
at of parallel lines are parallel to the 
iine joining the two screws. As io the 
case of a telescope, the prism table 
is also provided -wi'b two ‘screws at 
the base, one to clamp it, and the 
other to give it a fine movement after 
clamping. 

Prism is placed on the prism table. 



Dlicriptlon of Sodium lamp:-lt is an evacuated discharge tube gene- 
rally U shaped in A.C. bmps filled with neon gas at a pressure of about 
10mm, of mercury. A lew spicks of sodium are placed on its walls. Two 
electrodes in the form of cylinders containing fungston spirals coated 
with barium oxide are sealed at its two ends. When a voltage of 400 
volts Is applied between its two electrodes (by a step op transformer) 
discharge passes through the neon gas giving out its characteristic red 
light. Due to the heat of discharge sodium evaporates and sodium 
vapours are produced. The colour ol light changes from red to yellow 
in a few minutes. As the ionisation potential of sodium is loner than 
that of neon, discharge is a almost maintained by the sodium vapours (at 
a pressure of about ‘01 mm. of mercury) a Inch give out their characte- 
ristic yellow light. To maintain the temperature of the tube at about 
600'C. it a surrounded by a vacuum jacket. 


Theory ABC is the prism. PQ and RS 
incident and the emergent rays 
of sodium light. The 4. N MS 
formed botween these two 
rays is called the angle of 
deviation. (See fig. 3). 


In the minimum devotion 
position, let this angle of p 
deviation be her. which is 
called the angle of minimum 
deration. If P be the refractive 



fig. 3 

iadei of the material of the prism for this length of lijht csed. 

and A be the angle of the prism (aegis between the two refracting 
faces AB and AC), then I* is given by the relation. 




: 


is' 

M**l-*4 - T ■» iSr -“x"* «r? —■■ 

7ff* g*,t «''ir W i >*-?t * 

*rf 4 f.Mft 0r* '• r*'r> t- il+ -s' s--r r ; 

/*t.' !*t f»'V fcf«r 

»>*«/*. « t-f f •* ,•. • ; - 3 *; Lj . c--, ef t * 

t»*.K */>J J-r/< f f r : cf e*7: rar» 

f’^irrjAs;* of f ,i j.-.n ictreri ly t‘« ttCsrsfsr fens. If ' 
**•* °f t^e collvow ii prsperlr a.i;r*cei tis c=fcpe *3 
/■Wmt'J Al ti.D tsrttl o! tie i*M cf wr, if E* S3. 
fOUt* the eo'hmaior tubeaboat iu vtTtcal asi=» w that tieiaa 
of I'j* pin'is adjusted at tie centre of tie ft-Ji 

Jbmiove the eye pi«* U<m the tel scope and repea: £ 
ftfw/o Jtfoxdjre. 11 reed fce. rotate the telescope above i 
vertical nil* by the *cr«ws. to brio? tie image of the pi 
formed \y the objective gbua in the centre of tie fiell Tai 
adjustment should bo done of least at three different rosition 
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and directly tee the wall by the other eye. Adjust the distance 
between the eye piece and cross wires so that when one eye 
clearly observe the cross wires, the other simultaneously sees 
the wall. Thus, the eye piece is focussed on the cross wires. 


To adjust the telescope for receiving parallel rays '• — 4. It 
can be done in two ways. Put the instrument in a open win* 
dow and point the telescope objective towards a well dafmed narrow 
object e. e, telegraph wires, electric cables etc. at a long distance away. 
By mo ring the eye piece witn the help of rack and pinion screw 
so adjust, drat a well defined image of the object is lonned at 
the cross-wires without any parallax. As the rays coming from a 
distant object are parallel, the telescope has been adjusted for receiving 
parallel rays. 


How over, this method is not recommended as you are 
required to remove the spectrometer (which is a delicate and a costly 
instrument) from the dark loom and hence thete is a danger of damage 
to it. 


To adjust both telesco; e and collimator without 
removing it from the dark room by Schuster's method:— 

a 5. (0 Put the sodium lamp pin m 



ket. You will find that the lamp 
starts glowing with reddish neon light. 
ft. Wait till it starts glowing with intense 

LT^Co 


yellow sodium light, (ii). Mount the 
• prism on the table, (hi). Illuminate the 
a collimator with sodium light (iv). Look 

f for the refracted image of the slit 
Fig. 4 through the telescope. »v). Rotate the 


prism so that it is set in the minimum 
deviation position (see step... 10) sho in by 
the dotted lines in figs. 4 and 5. The 
image of tho slit should bo quite distinct. • 

(vi). Now slightly turn the retracting edge 
A of the prism towards the side of tho 
telescope as shown la fig. 4, and look for 
the image of the slit in the telescope. It ^ 
will be blurred, because the rays ’entering Fig. 5 

the telescope are oblique, (vli). Adjust the^ '"'Z > . moving' the 



l.<4 ‘ « 


( tu v 


t^'** 1 * >’ ’* f + t* «*<» S/1 >t !■*, ?«, ». TT-*i jiY'-f 

twit's* fftt-irit » *p fi» r-<n -j-t—t rf« if i*iWTprt*i*ti*> 

tynrU IM «»<•*-? l «m55‘i-v*». Os? Ar*'* 

In.*** will *-<■*,,. tj U mrlntm ',. Tb * I J*.'*. de ref 
1^, •,« Klj a. t ^.fa-Moof l*i* tfif fnrn the toft - 

r4t,, ‘*< ***** *■ » W« a dirtf *M , ,*fl rniiT". M F*U* 

|>* a 'Vi (a t’m first py.iiwi. v*l (ho colbnvtt if is the tecnd 

twutw. A r»* alt*rn-»!* fcljtsf-nriN *t!I frou both the tfloseopt 
for retiring (nt*l!*l tny. n~-t eolhrmior far gi.-ing pirntfrf np- 
Rt*v~,\ 4 r, i rhtn /k, rtfrjct,» t «f« ,t ewe,/ (otearJt /At si.Uo/tht 
UUttnftt if it Ih, i Uttoft which ,, /„ bt a ! : n ut, whiU >//'.•* *>X* 
it *ynt,t fcvon/f Iht tt.lt of H* trihmoiot if h Iht cel! t motor 
vhich it to fv a lju.tr. !. Jf a mistake b ma<te unit l!s udiosliBw!* 
w* itone oth»r way round. the imaga mil be rendered mora indistinct 

Ts odjiiit tht collimator for Hiring pars fief rajt (when 
Schuster *• method Is nor followed):— 

6. After adjusting the telescope, illuminate tha slit and bolt for 
Its Imago directly through the telescope. As the coll mater is not 
adjusted lor parallel rayc. the image formed ia the telescope will 
Jack sharpness ami definition. By adjusting the distance between 
the slit and the collimating lens with the help of screw if provided, 
make the image observed in the telescope clear nud well defined. 

The width of the slit should bo kept as small as possjbla. It is possible 
only when the slit is situated at the local plane of the collimating 
lens. Thus, the collimator is adjusted lor giving parallel rays. 

To adjust l he prism fable • — 

7. { i ). To start with, level the prism table with the help of a 
’ spirit level. ( it ). Then, place the prism ABC 
so that its centre coincides with that of 
the table, and one of its refracting surface, 
say AC ( fig. 6 ). remains perpendicular 
to the line joining the two levelling screws 
p and Q. (ih). Now illuminate the slit with 
sodium light (i/>. Kotafe the prism in such a 
tvay that light falls on tha edge A illuminating 
wrtb the refracting surfaces AU and A C. Fig. 6 

( ), Now fi* the table. (vt\ Move the telescope to see the image 
, -i: t firmed by the rays reflected from the surface AC. 11 
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slit does not lie in the middle of the field of view, or if it is 
much above or below the inter section of the cross-wires, adjust 
the two levelling screws 1* and Q to make it symmetrical with 
respect to the cross-wires. 

(vii) Now tarn the telescope on the other side to view tbe 
image of the slit formed by the rays reflected from the surface 
AB. In this case adjust the symmetry of the image with respect to 
cross-wires by on!/ adjusting the third screw R. The table is 
now perfectly horizontal, and its edge A is vertical and parallel 
to the axis of rota' ion of the instrument. 

To measure tbe angle of the prism (\) • — 8. After finishing 
all these adjustments, determine the least count of the verniers attached 
to the spectrometer, (i). Determine the smallest main scale division 
of tbe metallic circular scale. Usually it is ^ . (nl Count the number 
of divisions marked on the vernier. Usually they are 30. Hence the 
least count a ill be ~ ^ degree or 1 minute. 


9. (i . Illuminate the slit with the sodium light and put the priori 
COllIKATGtt 0n ti>9 prism table. The prism is bo 

placed, that its edge A is kept turned 
towards the collimator, so that half 
of the light from the collimator falts 
on tbe face AB, and half on AC 
(n). Now turn your eye in the hori- 
zontal plane and locate tbe image of 
the slit reflected from the face AC, 
This helps in determining the appro- 
ximate position of the image 
(iii). Move the telescope in that 
position and look for the image of the 
t (iv). Clamp it in this position and by the tangent screw adjust its 
sitioa to obtain a sharp image of the slit on its crees-wires. Let this 
sitioaof the telescope be G ( Fig. 7 J. M. Note down this position 
the circular ;cale with the help of the two verniers V, and Vt 
th a reading lens. ( The difference between the readings of the two 
mvers will be nearly tSO°J (vi). Unclamp the telescope, (vii). Now 
u the telescope towards the other side of tbe prism facing tie face 
l. (viii). As described above again focus it on the image of the slit 



Fig. 7 
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formed by the rays reflected from the ratface AB. Imt 
Ih. telescope b« II. Similarly determine this ne.v I*”"" b! ' ' , j 

two verniers V, nnd V*. fix). The different Iwtween 4 * ^ m \ e 

the same vernier taken nt the positions. G and «, « 1 P 
through which the telescope has been rotated. Let «t be ■ A 

from the fig. (7) half of this angle will be the angeo f or ^ e MW 
To be more accurate take more than one set of readings 

positions G and H. ,.t!«c!ed ia»9* cf 

A'orc — Sometime* It appear* difficult to obtain Ih r f h'PP« B ‘ 

the *l(t almulteneou.Ir on both the .Idea of the P ^ o[h#r . Thar** 
only when (I) More light lad. on on. ace than the othi ^ f ^ 
fore, arrange *o that light fella aqua Iy on ^ „ 80 t 

(H). when the lareUlng of prl*m table or of 

proper. So check thla olio. __ 

To determine the emrle of minimum d-vUlloe ** „[ it, 

10. (i). Pot He Prism on the tobie m such » T * |B-|W . 

reftoctinrr surfaces AB lies norma! to thernys falling fro ^ ^ ^ 
(ii). Now rotate the prism ' b '<“*S h • ”7 ““1 ... ? ^ l00 k from 
incident rays make a email angle at the (am AB. W. Now ^ 
,h. side of AC. nod loon., the the. P« b 

imatte ot the slit by your eye. (i«). Move the tel l» 
tion. ocd obtaia tb. Image o! the ebt <m IB ««JJ , h . 

Nett:— Sometime, .tod*"" •“«»'' . „J|I el iecld.ee. el 

ted tmeg. ol Ih. .lit- « « b.c.o.. K. ..«l.o| ree jj. 

,h ; LTthTl 1. d .0 me 

difficulty, rotate the prlim »n me 

angle el Incidence. ... i 1Iia ja 

(v). Katate the prism In die eerne deed « 
of the tilt tbroosh the telescope. rf devtrlioa. Coesm 

zrjE2^£~£^ u * m :'' a ~ 

"EE,.-.— -->■ 

rr. 

-*■ «* «*, b.‘ 

ff .inT me 1» *• «”*** 
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direction }. In this position if the 
prism is rotated either clockwise or 
aatic clockwise, the angle of deviation 
always increases, as shown in llg. (10). 
Consequently the image of the slit will 
move in the came direction, even when 
the table is turned in the either direction, 
(is). Clamp the telescope wherethe image 
just turns badc-fa). Now use the tangent 
screw and so adjust, that by turning the 
prism (in either direction), the (mage of 
the slit just reaches the intersection of the 
cross -wires and then turns back. (*'),This 
gives the portion of minimum deviation. 
Note down this position of the telescope 
on the circular scale with the help of the 
two verniers V, and Vj. Let this position 
of the telescope be denoted by jr. 


11. Remove the priim, and rotate the telescope so that it 
directly laces the collimator. Clamp the telescope. and by adjusting 
the tangent screw bring the image of the «Ut on its cross-wires. This 
direct reading gives the direction of the incident rays. Determine 
this position of the telescope by again reading the two verniers V, 
and Vj. Let this be denoted by y. 

12. Now to get the angle of minimum deviation determine 
tbo difference between the two readings of the same vernier far the two 
positions of the telescope, i. e. bm=(*~y). 

13. Rotate the (prism so that sow the light falls on the rur 
ace AC. In this case look from the side of AB. Repeat the whole 
•vocoders described above aal determine See. 

J4. Determine mew S«w and then calculate p . 

Observation! : — 

I J ) For On Uot} remit ej the cfrrwlrr teal*'-— 

( i ) Value of coe circular sale division la) => 

(\i ) Nnmhe* fct &visi»s t» the veroiar ( 1 )=^, 

(w) Least count 
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• [-2 ]. Table /or the determination of A'— 





Similar table can be druu-n vhtn refraction take 1 fake 
from the other fate of the fritnt. 

Cala>UiioB‘?-r 

Lt A= • 


/. A= * 

Urn of im • r,'3W calculate <* ** * 

... . v 
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Result;— P — (no units). (For A. =5893 *10"* cm.). 

Precautions and sources of error •'-'l AH the adjustments d* 
ribed in the method should be properly done, otherwise the angle 
eter mined will not be accurate. Moreover, if the adjustments as 
aulty, it will he pretty difficult to obtain the images properly, an 
ntads great wastage of time, 

2. While redding the verniers, clamp the table and the telescoj 
itherwise a slight 1 movement of the two will spoil the whole adjustraet 
lose, 

3. Keep the width of the sht as narrow as possible, so that i 
image may be very sharp. 

4. If the axis of rotation of the telescope and the table do n< 
pass through the circular scale it will cause an error. To eliminate th 
error read both the verniers. 

5. The voltage needed for sodium lamp is 440 volts. So be ear 

full. 

6. Onoe the lamp is illuminated it should be saved from all kia 
of jerks and movements. 

7. Sometimes due to faulty polishing or soma such reasons yi 
might get two images of the slit. Choose the brighterof the fwo ai 
proceed d you are not able to investigate its cause and eliminate it. 

Criticism' — The results obtained are quite satisfactory.' Tl 
accurate measurement of the angles A and 8m will depend upon t 
good adjustments of spectrometer, and proper placing of the prism i 
the table. 

Modification l. To determine the dispersive power of tl 
material of the prism with the help of a spectrometer. 

Hint* 5—1. In this experiment replace sodium lamp by a mi 
cury lamp. It gives almost full spectrum. - * 

2. Adjust the spectrometer as described in the main experimei 

onddetevwice the angle of th« prism A. \ .... 

3. Place the prism ptoasrly on the Uhl* aid obtain the tpectru 
of mercury light. X>et«mm&Angla of otldir.um davlatjous'/orthe tr 
extrema colours and the mean cobar. To get the angle of minimi 
deviation for a particular colour fix the fe’escope in such a pos.t on, ti 
the image of the sfct throng it for that colour, turns back for be 


J tJght l EvU 

ftftti-c&'kwtrt i~A ebtlt-wfe* nvwn«nta of Ifce rn«n.(ft fciu iera dcsm- 
W la tMa<} in the frvtin etp*rftn»nt). Then, fairs the direct r*ndi"g «f 
lW Ulmjj*r. Th* drffemrm b at» *wu th.ne fwj rending* gives th* «a«!« 
°f minimum &nrfcitr» for that cobur. 

Simlbrjr determine argl«s of mini morn deviation hr a&et 
***• length*. (Determine Ire lot red. violet awl ye fly* colours!. Th« 
defect raiding should be talcen a fresh for all colours. White ohiaitd ng 
mloltimm drvixtiaa position the prism it to be rotated, and beat* tbs 
vwnien may f»t disturbed, 

5. Knowing A and the angle of min imam deviation, calculate 
refractive indices for each colour. As violet light is more refrangible 
than rod, the angle of minimum deviation wifi be more for violet hgbt 
than that of red hght. Let Pr. Pr nod M be respectively the taPractrn 
ladicot for violet » rod and mean yellorr colour. At explained above Mr 
will bo greater than Mr. 


6. Knowing Mr, Mr and P, calculate dispersive power by the 
following relation. 


3-1 * 

Where in is the dispersive power. 

Oral Questions : — 

1. What do you understand by the refractive index of a material ? 
2, What are the factors upon which it depends ? 3. What is mono* 
chromatic light I 4. What do you understand by the angle of minimum 
deviation 7 5. How is ft obtained in this ease ? 6. What are the main 
adjustments of the spectrometer and how are ■ they done ? 7. Explaia 
the various parts of the spectrometer. 8. What type of eye piece is 
jjsed in the telescope and why ? 9. What do you understand by achro- 
matic combination of leases ? 10. Why the upper surface of the prism 
table is ruled ? 11. my tangent screws are provided ? 12. What do you 
under Stan* by the dispersive power of the prism 7 13. What type of 
.—3, you get fcy a mercury lamp ? 14. Though sodium light gives 
* wav* lengths we see only one line in this experiment, why 7 
rr ,i/t.y {He glow is reddish in the beginning in a sodium lamp ? 
l5 ‘ Wh neon U u**l and ' whr >" lt J***®* 4 eaxi Uer to ** fwm wim ita 


EXPERIMENT No. 15 

Experiment;— To determine the magnifying power of a 
telescope. 

Appatatos t-Tbo telescope whose magnifying p ora is to be 
determined, a stale with well defined graduations quite wide apart 
(preferably 4 cm. apart), measuring tap etc. 

Description of the apparatus Pcs the description of telescope, 
see experiment no. 14. 

Theory '• — Let PQ be the object and P’Q' be its image formed 
by the abjective of the telescope. Let the eye piece form the final 


\ 


,..r 



tmaje Ftf at the tame place where the objo-t 1X3 lit®. As the length 
of the tube is Quite oegtifihli ta earn par lean ta the distance of the object 
Iran the eye. the angle subtended by the objort at the objective cay be 
tahen to be equal to the aegis subtends! by the object at ubo eye. Let 
m be the magnifying pjvrer of the telowjpe. then, we fcave. 


C I -OQ PQ 4 

_p*i r 


— 



'» I 


Wfrtc i i 
tPl-KtOpH 


f Kr. 1 

f nditfatr* o/ J’i j o'lj^fftrrrl the imsj-! fromtf 


S»PTw iUoWicth8gra.ruv.nl smt» plvedia tbs ration o 
'If ,TQ * H N' rf<v<*«T« of the scale (i. a. di/isi m In the Ion?*! 

1 H 0’*) to viewed tlry.ilf try 0 te of t.ie eye comci <1« with « di/vion* cl 
tfio scale ft. o. divnioes in the Jngtb PQ) ni wu through the tslsctpc 
with (he other eye, wo have. 


m ~rQ"- tf 
tv n 


Ai) 


Method •—!. Place tbe given scale vertically at a distance of 
nmrly 2 O' ifo'n the telescope. The distance 6elec*ed should be such that 
the divisions marked oo the scale may be distinctly visible through the 
naked eye. 


2. Directly see the scale with one eye, and with the other eye, 
took for the image of the scale through the telescope. Adjust the dis- 
tance of the objective from (he eye piece ia such a way. that the /to* I 
imago P“ Q" (fig. 1 ) is formed at the same distance as the scale, i. e, 
tha image of the scale lies by its side, and there is absolutely no parallax 
between the directly observed scale and its image seen through the 
telescope. 

3. No® concentrate your attention at a convenient portion of the 

scale, say, PQ as seen through tbe telescope. Count the number of the 
divisions on Jtho scale in this -portion i. e. between P and Q. K 
gives n. _ 

4. Now look through the naked eye, for that portion of tbe scale 
which coincides with tbe portion PQ a 3 seen through the telescope. Let 
it be F’Q." Consequently P" and Q” will respectively coincide with Q 
and P. Determine the number of divisions on the scale in the portion 
p. Q » as seen through the maked eye- Tlife gives N. 

' ' s# find the distance of the scale from tbe telescope. 

g. Repeat the above procedure, sad take . readings /or N and tt 
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Experiment: — To determine the value of horizontal component of 
earth's magnetic intensity at a place, using deflection and vibration 
magnetometers. 

Apparatus A vibration magnetometer, a deflection magneto* 
meter, a bar magnet, a stop'watch, n brass rod, a compass needle, a 
spirit level, a meter scale etc. 

Description of the apparatus:— 

You a ra already very well familiar 
tvith these two types of magnetometers. 

The vibration magnetometer is shown 
in fig. 1, while the deflection 
magnetometer is shown in fig. 4 

Theory — (a) If a magnet of mag- 
netic moment M is freely suspended in 
tho earth's horizontal field If and allowed 
to vibrato, it oscillates simple harmoni- 
cally. It la due to the restoring ample 
Mil So 9 a a shown In fig. (2 . If T 
(a the periodic time of the magnet, ft la 
given by, 
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Where K ia the moment of inertia of the magnet about an axis 
passing through its centre of gravity. 

{bt If the tame magnet is placed on the arm of a deflection mag* 
netometer set ia ran A position, the former soil produce a magnetic field 
at tiie centre of tie compass box. Let this field bo F. Under the 
Influence of the tiro fields F and H acting at right angles to each other. 



r.g. 3 


the compass noella placed at the centre of the bn* « dl l>e deflect*}. In 
equilibrium, fet the needle make an angle 6 with the direction of It, 
then we have. 


Talltof 

nut r In tan A posii.oa 


£S!J 


W! ere 1 i* half the tHecOrt length of the magnet, an! d u 
dv.anca of t^e nlldle po-at of the wa s o*t trim t‘* first of t'«i err 
te^Ue. D.odisg {>) 17 (i * 1 *• C^t. 


<.o (j 




\Wr* M£. and n are r^peet.eeV t‘>* mn*. length atJ tr«vt V, 
Of tS* xnagns. 


Mnh*l — T« »dh»*l *br rr»iwt*'.r(rf : — Lri <J 

the ia*rur>«=t by W..tj «t»«v Whea « ta \a Vr«J. ;* « * 
t*rmd »*.U paw through the cr-Sr el «h* bale. ar&M tJO—*gSt» 
pAn. 
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2. rut Ho magootomoio, lh , majnelic 
“ marked on tiro liorizonlal mirror of Ho magnolomotor or a irof 
ioMroldrod. Keep rreompruo noodle on it and rolato tto tor till 
nee 8 is parallel to the linear thread. Draw the boundary line raosd 
,uT u U n ° ii0 ° ° r thread “ P rovided - iaw the magnetic men^ 
with the help of a compass needle, and place the longitudinal edge of 
ttie magnetometer along it. 


3. Thera should be no twist in the suspension when a magMt & 
pu in t a stirrup. Tha stirrup should remain pointing in north sooth 
direction. To achieve this, put a brass rod in the stirrup and see flat 
brass rod comes to rest in the magnetic meridian. If it does not. rat* 
the upper sorew head till the rod is in the magnetic meridian. Th« 
brass rod may take a long time to come to rest and therefore, for this 
adjustment see that the brass rod equally deflects on both sides of the 
meridian. Always keep your eye vertically above the box. 

To determine T : — 4. Remove the brass rod, and gently put the 
given bar magnet on the stirrup. Bring the magnet to rest by stopping 
any kind of motion by hand. Close the box. 


5. Bring one end of any other magnet from out side near one of 
the ends of the suspended magnet, tin the latter is slightly rotated from 
its position. Remove the second magnet, and allow the suspended mag- 
net, to oscillate about its centre of gravity. 


6 Start the stop watch when the magnet crosses the mean pod* 
lion say from left to rigid. When it again crosses the mean position 
from left to right, it is said to have completed one oscillation. Determine 
time for 15, 20, and 25 oscillations respectively. Find time tor one 
oscillation from each observation, and then determine man periodic 
time T. 


7. Find the length (L.). and breadth (B) of the magnet by a 
meter scale, and its maa* (M) by a phy fcal balance. 

To let tfce deflection roegnetometer la tangent A poi/ilen--— 
F, Rota!# the compass bo* which Is kept on the wooden board till the 
lice joining 0-0 division of the circular #cale is in line with the length 
of the scale (along the hae mark*! on the scale’. 


9. Lt «1 the compeus* to* with the help of a ipt'ril level, 

10 JCjwrata!# tie arms of tie magnetometer (wooden board? 
mtmstM*** «• «»«•» «• *»“» «"“• * 


this case tha pointer will be parallel to fee arms, and the needle will 
perpendicular to the arms- H -will be acting perpendicular to arms. 

C— > 

w so -?0 aa (O JL to m gg y 


Fig. 4 

lor safe guard mark the position of the arms, so that any distar 
ce from the set position may become apparent. 

To determine the deflection 6 It. Take the same magnt 
1 in tha vibration magnetometer) and place it length wise along sxj 
arm ol the magnetometer, such that its geometrical axis produce 
S3 through the pivot of the needle. Adjust the magnet in such 
that the deflection is near about 45°. Note this distance (rf) of tb 
le point of the magnet from the pivot of the compass needle. Not 
enaction of both the ends of the pointer. This gives 6. 

\2. Reverse the face of the magnet keeping other things tarn 
a read both the ends of the pointer. This makes four readings. 

IS. Reverse the magnet polo to pole and keeping the distam 
note both the ends of the pointer. 

14. Reverse the face of the magnet and again road bath ends < 
inter. This makes eight readings. 

15. Place the magnet on the west arm at the same distance, ar 
the above procedure taking eight readings ns explained above. 

16. Take mean of these sixteen readings. This gives 8. Tal 
ets of observations for 8 after changing J, if there is time, othe 
ily one Bet will do. 

7. Find the value of M H by formula (i) 

. Determine tho value ol ~ separately lor "every set and fi 
alua of ~ using formula (ill. 


Find the value of H by formula tui). 





f £*. 


Obi(mitonu u 

t I ) Tatotfo* — 



{ i ) l.angth of tha magnet^ cm. 

( ») Breadth of tha magnate cm. 

Bii) Mass of tha magnet = gm. 


[2 J Table for deflection tnagne/otneler. 
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* „ 3J_ 

3. wean — — 

4. H gauss. 

Precautions and sources of terror * — 

JA] For deflection megnetoroeter 

1. Reading should be taken without parallax i. e. keeping the 
trad vertically abo/etns pointer so that while taking the readings, 
the image of the pointer in the plane mirror may lie exactly below the 
pointer. 

2. All magnetic materials should be removed away from the 
magnetometer. 

3. The magnet should be placed io that its magnetic axis when 
produced should pass through the pivot of the needle, if this « no so 
the eight readings obtained for 8 in the method will be much removed 
from the mean value. 

4. Before noting the deflection tap the compass box gently. 

5. The distance should be so adjusted that the deflection of tie 
needle is near about 45°. In the neghbour hood of 45® the percentage 
error made in reading the deflection is considerably reduced. 

6. For greater accuracy d should be kept fairly large compared 
to l. so that in determining ( d'~ t* ), the percentage error is reduced. 
Because it is very difficult to find out exactly half the effective length 
1 of magnet. 

7. The needle may not be pivoted at the centre of the circular 
***“*• To correct for this eccentricity, both ends of the pointer 
are read. 

S. The geometric axis and magnetic axis of the magnet may not 
coincide, hence, the face of the magnet is reversed pole to pole. 

9. The poles of the magnet may not be symmetrically situated. 
To eliminate this error the magnet is reversed polo to pole. 

JO. Zero of the linear scale may not coincide «ith rero of the 
circular scale; that is why readings are repeated on the otter arm. 

[01 For vibration megnetometer 

11. It is necessary to suspend the magnet in such a way that its 
ceatw gravity may lie exactly below the suspension, sod the magnet 
twty remain perfectly hot teased. This is done by providiog « stirrup 
s^aagtmeat. 



Afainoftsm [ Ex. \i 

12. l»ik vertically downwards to count the number of 

owillitiom. 

13. Tiro nmpIHudo of the fcdll.itioni must bo very small 

{ Hebw 5", tn that * in 9 -0 ). 

11* Henjffnber tbit t.'io length and breadth of the magnet are 
the two tides prrpomliculir to tho axn of suspension. Don't confoso 
breadth with thickness of tho magnet. 

15. Tiro magnet must perform vibration* in a horizontal plane 
without tor-sing up or down. 

17, For greater Accuracy, tbo sn.peasvo fibre mutt be free from 
tortonal reaction. Hence tho suspension should rave no Initial twist. 
That H why horse hair u preferr-d. 

Criticism '■ — T be value of II obtained by this method is not 
completely accurate due to tbo follow ing reasons. 

(1) It is very difficult to determine accurately tho effective 
length l of the magnet. It d is increased B will not remain +5°, 
thtreforo it is difficult to satisfy these two conditions simultaneously. 

(2) The friction at tho pivot of the needle is not completely 
removed, it causes nn error in the measurement of the deflection, 

(3) The length of the needle is not sufficiently short, therefore, 
it is n at perfectly justified to assume that the needle is moving in a 
uniform field Thus tangent Jaw cannot te rigouronsiy applied. 

(4) The moment of inertia of tbo stirrup cannot be completely 
neglected as is done in derving the theory, hence error is introduced. 

(5) Furthermore, the suspension fibre is neither completely free 
from tostional reaction, nor it is Intially twstdess. 

Therefore, if greater accuracy is tho aim, Kew magnetometer 
should be employed. 

Modification ‘.—To determine the magnetic moment M of 
a magnet. 

Hints Find tho value of -jj and M II as shown above. Mul* 1 
tiply the two to get the value of M*» and hence determine M, 

Oral questions •' — 1 

i rrnlala total intensity of earth's magnetic field, its horizontal 
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and magnetic meridian. 2. Why do you use H and not I in the experi- 
ments of deflection and vibration magnetometers ? Why this method is 
mlled absolute method ? 4. Is this method accurate ? 5. Define mag- 
netic moment and pole strength of a magnet. 6, Why is magnetic 
needle made small, while the pointer is longer ? 7. Why the pointer is 
made of allumicium ? 8 Can it be made from iroa ? 9. Why is the 
mirror provided in the box ? 10. What is the necessity of taking sixteen 
readings ? 11. What is a tangent law. and how is it made use of n this 
experiment ? 12. How do you set a deflexion magnetometer in tan \ 
or tan B position of Gauss ? 13. Which position is preferable an \ why ? 
H. Why should the deflection be adjusted in the vicinity of 45° ? 
15. What is simple harmonic motion? 16. Explain moment of iner- 
tia. 17. Why stirrup is used for placing the magnet ? 18. Why is 
it made so light, can you suspend the magnet from the suspension thread, 
instead of putting it in a stirrup ? 19. Why is it necessary to remove 
the twist in tho suspension ? 20. What type of suspension is preferred 
and why ? 21. Can you take a cotton thread ? 22. Why should the 
magnet oscillate in a uniform magnetic field ? 2$. Why a brass rod is 
used to remove the twist ? 24. Why the magnet should remain per- 
fectly horizontal 1 25 Why the nmplmita of vibratons should be small ? 
26. Will tho period of oscillation alter if the magnet is rotated by 9 ° 
i. e. breadth becomes depth ? 
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fjeneraflr sfrucn'ao* Electrical experiments are easy to 
perform, providedly they are done in a proper i cay. To achieve efficiency 
and avoid difficulties, the following points must be kept in view daring 
their performance. 

1. Before the commencement of the experiment, it is very essen* 
thl for you to draw n rent circuit diagram showing cleatly the di'fe^ 
rent connections Keep this diagram in front of you and according!! 
arrange the apparatus on the table. In no caso it is ad visible to dopem 
upon memory, 

2. Make sure that the various Instruments which you would use 
in a particular experiment are of the proper range. 

3. After putting the apparatus properly on tho table, too that the 
connecting wires u-ol to connect them are not Ico hug. Their lengthi 
•hould lie just no-nssary. Make their erob naked and clean them, 
Connvt t'urse emL to the in«trum«nts tightly. It is extremely Important 
to verify that the connections made are properly tigh>, II the ernuw* • 
Ikons rrmv» loose, it is pcxusitl* that the Instruments may not |fi'« 
deflection 

4. Isoole to if th.it tha connection!* may not Im* WWte Ufi <it 
jny fjactf. Coos-wfum* must be cl<*rfy d.xflngeiJAiMir on the t d'K. 

If there orwr* than on* circuit, all then rcaitt ohaull lx» ilrttiy 
tt4 t.n This procaiittr* will very mif’h ferllittfo to tty.* the 
faults. If there ars any. 

3. Alo-ay* uae a kef In in the circuit, Ihut current In I'm rit' «'t 
eojy l if a dorf i»Unol of time f. *, when y>i are taking o h*w / ih-ins. 

e. Seermthe irr-triTMTifs *r l »'i you are orim* may »>t <f°t 
d. -* to t'-»fkr»' e/s«v««(W Cwer**/* thrrmth fhinl T’'W* 
f.rrt vi-Jj current thr'n.gS fh* sir sj{ ft t vA ! »4 n t *'•« 

d t * rye Its. cs-sr^u«tj cofeemta I tft i"4 nt"4i W'.it* «*>•»* a 
fiJ't wr.vrr,u}*2?* ***>#*•*"**» >1 '** r .* ft* 

ts« t ; :f pv'y »*»r 1*4^ re rfi!/v»ivs-4‘.‘* 
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^ When ft Is 'necessary that the current flowing in the circuit 
remain steady, use such batteries which possess constant e. m. f., 
ana Uve large capacities' (e- g. storage batteries). In circuits where 
* «dy currents are not riecessary, primary cells may be employed [ it is 
u» to this tenson that wo employ Leclandie cell In experiments on 
°st -office box and fcareyfoster’s bridge]. 

8. While using a resistance box. Tsea that the plugs in the gaps 
«rt light. 

To change the resistance In the circuit always use a rheostat, 
*nd not a resistance box. 

10. Before sGrting the experiment see that the batteries or the 
*!ls Which you hre'using possess the nocessary e. m. f. or not. 

Description of the apparatus:— 

1. Key i : — The current can be 'stopped or started in the circuit 
rtth the help of keys. They are of two typos (i) pluy keys (ii) tap 
***• In case of pluy keys, n plug has to be inserted In the gap to start 
19 ■huTCht There nte one. two. three or four plugs keys. A four 
fn 8 hey is used hs tv roversing key. Keys are generally represented in 
l»l*m by the kymbol K. A tap key has to bo pored to complete the 
rcnlt. 

2. Reversing key or commutator: — It has four terminals two 
red and two movable. The movable terminals can alternately be put 

contact with the fixed terminals. It I i employed to tererse the 
region of the cumnt in the circuit. 


S. Moving coil galvanometer* {SutfanJrJ coil tyf*)'— 


eacrlptten:— It consists of « 
Tmaneotbarseiioe magnet .VS. 
lit pole pieces of the magnet are 
amve haring a cylmdr^nl air 
>P in brtwwu then. A cod 
Insulated copper wye of many 
™* lasuxpenjfj between t' -tv. 


h* ®>vU» rx-Ser rwrtarvguhvr « 

ill *lW>e 

»*BWv i"! ^ r: “' 1 



r,.i 



"it f>r aos* in d wn t^cncen it h g-»f conductor and ili cwpf 
t^roaif f»*-t b «rr,ip. The currant enters IS# coil through ill 
atrip, Tfnot^rer.ctcif thseoiH* rormeeted ton coiled hair iprici 
//. }i!a> of f’taepAcr Iran re. 7 he tprinf H connected ta & 
otKcf terminal of the iMfrum-mt. Current fenr« the gnlrananxta 
through thn spring. The string and the jfrfp provide the cantrafliag 
W’ipf«*. Tb* strip carries a mirror it. D f lamp ami scale arrasgwiKt 
lb# ltd bcttai of the mirror c»n be found out. 

Usually n toil iron core of spherical or cylindrical shape 45 
dmwn in fig. 2 b» fix«J at the centra of the coil. This ccncenfste 
the linen of fore* In the coil 
inertming the controlling 
field amt making U mon 
radial. Tin* polo pieces nro 
male concave or circular to 
make the field radial ns shown fig. 2 ' 

In fig. 2. The coil is so 

suspended in the air gap that the magnetic lines of force duo to the 
permanent magnet are parallel to its plane. As the field becomes radial, 
the lines of force alnays remain parallel to the plane of the coil, so ton g 
the coll rotates in tho vertical phne. Tht coil may lie in any petition, 
the litter will always cut its vertical eider at right angles. 

Adjustments • — The instrument is carefully levelled so that the 
coil is free to rotate in tho magnetic field. 

Working: — When 8 current is passed through tho cod. ejual 
forces act on its two sides in opposite direction. These two forces 
together constitute a couple which is called a deflecting couple ■ This 
'ends to set the coil at right angles to the direction of the magnetic 
iolp ( field due to the magnet ), On the other hand the tortion present 
n the phosphor-bronze strip opposes the motion of tho coil and 
lacerates another couple. This is called the coni rolling couple. Under 
he influence of thes two couples, the coil sets in an intermediate 
osition where the moments due to both of the couples are the 
atne. The deflection of the coil is measured by lamp and scale 
rraegement. 

Theory: — Let H be the field due to the -permanent magnet, » 
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of turns of wire in the coil. When current passes through the coil eacl 
of its vertical sides experiences a force equal to H i l dynes. As there 


e n turns, the total force experienced i: 
equal to Hi! ft. These two forces act i c 
opposite direction and the perpendiculat 
distance between them is b. This is strict!) 

the deflected position fcr { 
galvanometer in which the pole pieces ar< 


Hbt. 

' fig. 3 

Wuavo and the Held is radial. 

Then, the moment of the deflecting couple=« i H lb. 

> -If • is the deflection and T is the moment per unit twisl 
generated in the suspension strip, the moment of the restoring cooplt 
is = -T8. Ia equilibrium the two moments of the couple are equal. 


i H lb~T 6 


nH A 

i=h 6> [ where 4 = 


r os T. n. H and A 


r. H A' 

are constants, and k ia a constant 1 
This is called the constant of the galvanometer. 

Hence * cc f 


Thus the current passing through the coil it Jit telly proportional 
to the angle of deflection. If k is known, i can bo calculated. 


SeotUlvcucaa of a snoring coll galvanometer ■— From 
tetatioa » t, we know that for the same value ol i. S it 

largo when t is small. For k to be small. T should bo small and n. 
H and A should be large. If A and n are very much increased, the 
resistance of the instrument increase* too much. Hence, to increase 
sensitiveness T is decreased aod If Is increased. A* phosphor bronze 
las more tensile strength and snaller value of T. it is extremely 
Suited for using it in suspending the coiL la better types of galcaao- 
^*tera quartz suspension carted with a conducting layer is vsaL 
^ . * suspension has a very low value of couple per cart f* i-*. II 

leased by taking a more powerful magnet. The Strtcgth of the 
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Though the pioted type of galvanometeri &•« a bit less Eoiu*tive than 
the former type, they are portable ami Jead beat. The pointer .juichly 


comes to rest, t ley mo cenersulv employed in nil electrical experiment*. 

5. Ammeter. It is a moving coil pivoted type galvanometer 
a'lth the difference that r low resistance shunt is put across the 03 I of a 
galvanometer. It is used to measure current I he shunt serifs tuo 
pur poser, 

( l ) H diverts matt of the current from the trdvwom^.er and si 
only * fraction ej the main current f-atsci O-rtmeb tie totter [\,)U 
reduces the o jaivalent resistance of the system formeJ l-y the galvanr 
metrr mod the shunt. Thut, tn ammeter fcej an rjfrrmrty few resit- 
lance, TbrartHcaVy tpeaUnC- •! *t ten. The ortvJv scale t* raJj- 
ta amp. or mill Ounp. by *o-n« staahrj current rryns-srinj 
instruments. The pointer rests on »ro. tnarVeJ on the left hand of 
the reals. .It moves Jovards rfeht abea » current si jeuawf through ft. 
Actually, if one amp. currect is timing la the circuit a imi'l (nct.yx d 
»l rater* the coil mhicii pita deflection. Hu WWlua u udln! one 
amp. and so on. Tt us. it is cahlrated 
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on a non-conducting cy- 
linder, generally of ehir-a 
chy r Each turn is insulated 
from the other. A sliding 
contact S slides over ''the 
cylinder nod makes con- 
tact with naked portion of 
Rg. 13 the wire. C is a tenninal 

connected to the thick rod along which S moves. If A and C are con- 
nected in a circuit, and if the current enters the rheostat at A. it possess 
through the wire between A and $S and leaves at C. It does no flow 
between S and B. If S is moved towards A. the current passes through 
lesser and lesser number of turns. Conse- 
quently, the resistance decreases and current 
increases. In stead.of this, if S is moved 
towards B. more resistance is introduced in 
the circuit and the current decreases. Simi- 
larly. if B and S are connected in the cir- 
cuit, current passes through BS. By mo- 
ving S towards B, the resistance in the 
circuit decreases and vice versa. If A 
and B are connected in a circuit,- it 

behaves ns a fixed resistance. On the top of the Instrument is usually 
written something like 22 ohms. 2-5 amp. It means that the maximum 
current which can be passed through the rheostat is 2*5 amp. without 
damaging it. If current exceeds 2'5 amp., coil will be burnt off due to 
excessive heating. 22 Ohms denote the maximum resistance it can offer 
when connected between A and B. 



A B 

Fig. 14 



9 . Hot wire ammeter ■’ — When an electric, current flows 
through ft metallic Wire, heat is produced, and consequently it txfand*. 
The elongaiio* so produced has been utilised to measure currents In a 
hot wire ammeter. The current which is to be measured 1* allowed 
to Ho 1 ' rlirough a fine wire ( of platinhim-iridium alloy of about fl.t 
mm. diameter ) stretched horizontally. ’At the middle of tills wire f* 
attached another wire of pho^phorbrenz. The ottw end ch ‘A* U-V.tc 
is attached t<> an unspuo eiTk thread. The »itk thread after passing 
round a puliy is fastened to a spring fixed in the Instrument. T 
ipring k-*;* the wire taut. The pulley l* mounted over a epimffe, t: 
tatter ers-iwf* P?vrt«r which mores over ■ ctrrulu- tody . 
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plate. This is on account of chemical affinity oxisting between the tan) 
and trio plates. Ions are not neutral atoms 



but parts of atoms carrying either a positive 
or n negative charge. The ngea y which 
does the work of moving tbc&> ions within 
the celt is called the elccttomotlvc fotce. 
This comes into existence on o.vojntol 
chemical reactions. Tim;, within the cell 
the positive charge moves from line to 
copper plate giving rise to an electnc cur* 
rent. As explained nlovo. this current 
which flows from rme to copper within the 
cell w due to the electromotive force, It 


Hg. 15 remains constant so long ns t* 1 # solutio i and 

the phtes nre the same. 
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current ultimnlely stops. This deject is known as polarisation. This 
Can k® ®*platned in two ways'— 

^ *^ B lsyer of neutral gas formal around tire positive plate 
^ 4rs a ® rea ^ resistance to the current within the cell. As the thickness 
? t, ' !e ^er increases, the resistance also increases. Ultimately 
ecome s so high that the current totally stops flowing within 
the cell. 

{&) As the fresh incoming hydrogen ions carrying positive charge 
^eot reach the copper plate, they handover their charges to the 
neutral layer. Thus, an electric field is setup between the layer of 
ydrogen and zinc plate. This is called back elec'romotiie Jorct. It 
tends to send current in the opposite direction. If it becomes quite high, 
1 com pl®tely impedes the motion of hydrogen ions towards the copper 
Pinto. It results in the stoppage of the cui rent within the call. 

Polarisation can be removed by preventing the formation of 
hydrogen layer around the plate. Th>9 can be done in two way* — 
lO Mechanical and (ii) chemical. In mechanical method wo have to 
058 a mechanical device like a brush to remove the hydrogen layer. 
But this is not very efficient. In chemical method we oxidise hydrogen 
as soon as it is formed. Different oxidising agents have been employed 
in different cells. The chtm-col* which art used to remove hydrogen 
in these cells are called depolarisers 

(ii) Local action:— Tore me does not react with sulphuric 
acid unless a contact i> established between sine and copper. Certain 
impurities, *_ K , carbon. arsenic, iron, lead etc. are always present in 
ordinary zinc used in making *inc plates. These impurities act with 
acid forming miniature cells consisting of impurity, acul and zinc. 
These miniature cells soJonmA cause local currents to flow in the 
cine rod. This unnecessarily consumes the zinc rod because the local 
currents so formed do not contribute to the main current. This it a 
sheer wastage of cine and is known at local action. 

This defect can be remedied by coating the cine n <t with a 
mercury layer. This proceea is known as amalgamation of tine. Zinc 
dissolve in mercury and comes on the rurfv» layer, while the 
impurities remain inside t v e mercury coa'iig. Thus, the contact 
between tho tv <j Is broken. This stops the I »I arsixi. 

Cell*’.— I- allowing are a few important primary cells. Filch 
008 of them fcas a difefent pola riser aod a dJisen: electrolyte. 
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12. LecIanchcCell:— 

Construction— -It consists of a glass vessel containing a solution 
of ammonium chloride l Nlft Cl ). A porous pot is placed in tha 
middle 0/ the vessel. A carbon rod is 
placed at tha centre of the pot. Powdered 
manganese dioxide ( MtrO t ) mixed with 
pieces of carbon is packed around the rod 
in the porous pot. A zinc rod is immersed 
in the solution. Carbon and zinc respecti- 
vely forms the positive and negative plate 
of the cell. The electrolyte is NH t Cl. 

IPoilc ng- -Zinc acts with ammonium 
chloride forming zioc chloride and 
positively charged ions of hydrogen 

Zn + 2NH«CI=ZnCls+ZNH,+2H % 16 

The ions penetrate through the porous put and carry the charge 
to the carbon rod. The potential ot the carbon rod increases. SlnOt 
acts ns a depolariser. It acts on hydrogen forming water. 

ZMnOj ► Hi=MmOi + H,0 

Being a solid, it is a utak oxidising agent and is. therefore, unable to 
remove hydrogen quickly. Therefore, the cell gets polarised after a 
little use. But, if, some rest is given to the cell, the deposited hydrogen 
is converted into water and the cell starts working ngain. Thus, this 
type of cell is suitable only for those functions where intermi/Unt 
curren ts nttJtd e. g.- in telegraphs, telephones, electric bells etc. It to 
quite cheap and sturdy. Its o. m. f. U 1 43 volts. The local ae/bn to 
eliminated by amalgamating the zinc rod. 

13. Denied Cell •'— * 
Construction :—It consist* 
cfacopprr vowel filled up With 
conamtmtod solution of copper 
sulpiiite. The copper vowel acts 
as the positive plate. In the 
middle of the veuel 1* pla-vsl a 
porous pot tonUinung dilute 
sulphuric a.ki end an amalgamated 
zIki tod. The sine rail htn* 
the &»yi*i ve plate. 

Working t—Z.nc r*vt|3< *l«‘l 

l/i^yyjrrr.t and Uy(t tty-ti. 

t , j7 Pouti/e turn of hl’t-wm ere 

asd t‘.» el t’tt rose plila a 

je-t ’ 
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Zn+H,S0,= ZnS0*+2H* 

The hydrqjen ions so produced travel towards the copper vessel 
reacting with CuSOj. Copper Sulphate Solution acts as. a 
depolarlrer. 

C«SO I +2H , «H,SO* ■»€«*♦ 

Neutral solution of sulphuric acid is formed and positively 
charged ions oi topper are liberated. The ions travel towards the 
copper vessel They give charge to the vessel, and are deposited. 
Thus, the potential of the copper vessel increases. The e. m. f. of this 
cell is 1 1 volt. The liquid depolariser used is better than the solid 
depolarbers. Therefore, the cell is almost free from polorisation. Local 
action is eliminated by amalgamating the tine rod. This t$ Pe o/ cell 
caw be used when s'eady current is to be drown. 

14. Bunsen's Cell 

Cutmructlotv — It consists 
of a porous pot filled with 
concentrated solution of nitric 
acid, A carbon rod is placed 
in the pot. The rod acts as 
the positive plate of the cell. 

The porpous pot is placed 
in a larger pracelam vessel 
containing dilute 6olution of Fig. 18 

sulphuric acid. An amalgamated ime cylinder is placed between the 
vessel and the porous pot. it remains immersed in WtSO,, and acts as 
the negative plate. 

Working : — The reactions take place in H»SO< while HNOj acts 
as a depolariser. 

Zn" + Hj80*=ZnS0< + 2H ,f 

Zinc reacts with H»SO. forming ZnSO*and positive ions of H» 
are liberated. These ions travel through the porous pot acting with 
HNOj 

HNO.+ Hj**=HrO + NO t * + 

Molecules of NOj carry the positive charge to the carbon rod. and the 
Potential of the rod increases. NO* dissolves in concentrated HNO*. 
This cell is not much in use because thB fumes of NOi are very injurious 
end disagreeable. Its e.rai. is 1.95 volts. Polarisation is also cot com- 
pletely removed in this cell. 




1J. GroTt'i cdf :~U is exactly slm ihr to that of Batmen's, 
cxcopt that the carbon rod Is replaced by a platinum Ml. It is not m 
common mo. 


16. 


Bichromate cell: Comuvctlcn. It consists of a glass 
bottle containing d.Iute solution of sulphuric acid. A few crystals of 
potassium didirtirmte are placed in the neid. The crystals of potassium 
dichromato act as a def-c/ariser. Tiro inter* 
connect* } carbon plate s cc are placed in tie 
bottle as shown in fig. 19. The plates act 
as the positive plate. A zinc rod forming 
the negative plate 19 placed between the 
carbon plates 



Working : — Zinc reacting with HjSOi 
forms zinc sulphate and hydrogen ions 
Zn + H|SO,=ZnSO, -1 2 H h 
T he positive ions of hydrogen so liberated 
hand over their charge to the carbon 
plates. They are converted into water by 
the drpoJariser KiCrtOf. Actually it is 
the chromic scid -formed which acts as a 
depofariser. Its e mi. is 2 votts. 


As the depolarisation is not complete, the current falls off soon It is 
employed only when drone currents ere required Jar a very short 
duration. 


17. Standard cells :~-As the current is drawn from the cells 
described above, generally their ejn.fi, decrease. Therefore, they can 
not be used where constant is required, Hence, for calibration 

and comparison purposes standard cells are required. Their e.m-f.s 
remain constant and do not change with temperature. They are used 
only for calibration purposes. They are mainly of two types-’ — 

(l) Cadmium celt:*— Controetion ft consists of two limbs 
made up of glass joined by a horizontal tube as shown in fig. SO. It 
forms a H shaped vessel. Pure and dry mercury fa placed at the 
bottom of one 0/ the limbs. It acts ns the positive pole. Above the 
level of mercury pas" of mercurous sulphate is placed which nets as »t» 
depoloriscr. At tie bottom of the ether limb an amalgam of mercury 
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and cadmium is placed which 
Sets as the negative polo In the 
vessel, saturated solution of 
cadmium sulphate is filled in. 
The level of the solution m the 
vessel is kept a little above the 
horizontal tube. To ensure the 
saturation ol cadmium sulphate 
solution, crystals of cadmium 
sulphate ate placed as shown in 
f'g. 20. Two platinum wires ar 



Its e.m.f. is T01S3 volts at 20 °C. Current ts never drawn from this 


cell. It is mainly used for comparison purposes only. 


(2) Latlmsr Clarke cell It is similar to cadmium cell except 
that cadmium is replaced by zinc through out. It is often shaped like 
dry cells. 


18. Dry cell*: — They are oothtng but modified forms of Lee - 
hnche cells. They are extensively used in torch lights, radios, etc. 
Every body is quit* familiar with these ty, es of cells. 

Construction : — It consists of a carbon 
rod to which is nttached a brass ca*-. It forms 
the positive pole. The rod is placed in a 
muslin bag containing powdered charcoal. 
htoOi and a little gum. Around the bag is 
placed a paste of NH.C1, saw dust and a 
little zinc chloride m a zinc container. The 
zinc container forms tho negative piate of 
the cell. A non conducting diaphragm is 
place! at the bottom and the top of the con- 
tainer to insulate it from the carbon r>L To 
lug 21 allow the ammonia gas fa escape. outl'SJ ore 

provided in the muslin bag. The e m f. of this cell is V4 volts. 

Internsi rrxUtai.ee of * cell When a current (awes thraigh 
a cell, it ha- to pass through the elecrroiyto constituting that o*U. The 
electrolyte offers cert* in amount of resistance la the pottage of the 
current t! rough tie cell. 7 Aft miittsrc ft caStJ Ihi iatrrnal 

rj o « ccS. It vwiw from cell to cell. Tk*f rimary ' ». 

h*v« mot* i Kit me! rttitlarKt than the Ktwltry ccflt. 
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factors. 

fl) The electrolyte -—Different electrolytes offer different 

resistances. 

(2) 31m of tlie plate* The larger is the size of tho phtes the 
lesser is tho resistance offered and vice itrsj. 

fj) The ncarnesi of the Plate*' — The nearer are the two 
pla(e3 in the cells, lesser is the resistance offered and i ice versa. 

(4/ Strength of current ' — As the strength of the current 
drawn from a ceff is increased, its internal resistance, in general 
decreases. 

19 Secondard cell* The e.m. f. developed in the primary 
cells is due to the chemical reactions taking place in their electrolytes. 
These chemical reactions are irrtverst'He. After the production of tho 
current the products of the reaction are wasted and cannot be trans- 
formed into original substances But. there are other types of eef/s afso 
in which the reactions are reversible and the products are not wasted. 
They are called secondary cells or accumulators. 

When a current is made to pass through them, electrolysis takes 
place. Electrical energy is converted into chemical energy and is 
Stored up in the cell. When the cell is connected to an external circuit. 

/. e., when a current is drawn from it, the chemical energy is convered 
back into electrical energy. The original substances are again j blaintJ. 
Thus, the difference between a primary cell and a secondary all is. 
that in the P'itnary cell chemical energy is converted into electrical 
energy direct, while in secondary e.Us electrical energy is first stored 
up in the cell as chemical energy, and this chemical energy ss there 
converted into electrical energy. As the current is obtained by 
secondary ructions, they are called secondary cells. They arc also 
called accumulators or storage cells as charge is accumulated or stored in 
the form of chemical energy. The process of converting electrical 
into chemical energy is known as charging the cell, while the 
process of g etbng tack the electrical energy from chemical energy U 
inown at discharging it. 

There are two types of secondary cat’s t (l! Acid accumulators. 


Accumulators E 1 

( 1 ) Acid accumulator •— It consists of a glass ves 
containing dilute sulphuric acid. 

Two lead plates as shown in fig. 

22 are dipped in the solution. 

The plates are constructed ia 
the form e/ grids or net works 
as shown in fig. 23, in the inter 
slices of which is filled litharoge 
{PbO). PbO acts with H»SO* to 
from PbSO,. Thus, to start with 
hath the plates contain a mature 
of PbO and PbSO,. The density of the acid is between 1* 17 to 1*19, 
Charging Current is passed in the cell from an eater 
source, say. from D. C. mams or dynamo or bettery charger. t 
iis, hydrolysis of water ta 
e Hydrogen is evolved 
athode while oxygen trav 
rds anode. The reactlc 
is follows •— 

At the positive plate ; — 
PbO v 0=Pb0» ... (1) 
O, + O + H,0=rb0i + H|S 


At the negative plate :~ 
PbO+Hi=rb-*-HiO ... 
PbSO. + Hi=Pb + H,SO, 
By charging, positive plate is con vert »l into dark bro 
peroxide of lead, whde the aagative plate becomes spongy lo 
Atxording to rsictions (3) and 1+) the amount of sulphuric 8 
increases in the solution; hence its density increases because l!,SO 
denser than water. When it is completely thargaL the density n n 
about T25 to 1*23. Its e. ra. f. is near about 2*2 volts. 

. _ Diichirgt eg Current cm be obtaraod from such a cell. sal 

It has been charged. W.len current is drawn in the external circuit, 
flows from atvals to cathode ia the o-ta circuit, and just fa> 
reverse diradioa ia the ceSL Again the hydrolysis tabes pUoa But, 
the direction of the current has reversed. hydrogen is evolved 
an^Ie *»1 osyg-a at th« c&tbalo according to the '• 
opatvjas ; 





EKfficily 


It: l 


Af IN* pht# J— 

VtO,Ht,-tW + ll/J ,Js) 

t'io*n&fh-i'bso t +ua .j$) 

At thi b^nurt flat* 

lT> + 0=rb0 ...(7) 

HO, +11,50, =1160, HI,0 „,(3) 


The rcvctf-mear* ielfetpfamtoiy. When the Cell 4a discharg'd, 
the ordinal products I^bO and PbSO, nra a (pin obtained, Water fa 
formal during dnehorjf*. lowering th« density of sulphnrfc acid. It 
again rmch» th* imtal value of I") 7 to l‘}7. Thai, the eel 1 regains 
its initial condition. and can be recharged. To know a boot its electrical 
Condition the epedfic gratify of the arid should be occasionally 
roenwred by n hydrometer. 

The e. m. 1. of *uch a cell remains almost constant at about 2 
volts. When its e. m. f. faffs suddenly to J S volt, it is considered as 
having discharged fully. Um of battery having c. m, f. less than 
1*8 volts is forbidden. • ' ‘ ' 

Mote* : — ,'l) It should not bo charged by passing a heavy 
current ; otherwise the plates get damaged and the material feats off 
falling uton the base. 

- (2) When it discharges, its a. m. 1. becomes near shout 1 '8 vote 
and specific gravity equal to ft 7. No current should be taken ham 
this cell after this stage ; otherwise insoluble had sulphates art formed 
greatly affecting the efficiency of the cell. 

( ' ’ . (3) The (opacity of the cell is expressed in ampere-hours. This 
shows'the total amount of current which can be drawn from such a 
cell When it fa fully chsirged If the capacity fc 40 ampere hours. It 
can ’give a current of 40 amperes for one hour, or n current of Iff 
amperes for four hours etc. Greater fa the sire of the plates and 
greater is their number, greater is its capacity and rote of discharge. 

(4) rts terminals should never be short circuited ; otherwise 
heavy current p\sees through it damaging the pfatre,' • This 'fa '"due to 
its internal resistance being very low. 

J 'ceaeraliy, to increase its capacity instead of two plates a number 
of plates are taken. The plates are arranged in parallel alternately 
connected to the t«o electrodes. By putting them la pslalfel their 


following 


Advantage*-''- Tbs accumulator possesses the 
advantages over that Of a primary cell : — 

(1) It has got a number of plates which poises large area, and 
are placed very close to each other. This arrangement extremely 
reduces the internal resistance of the cell which is of the order of 
O'COOl to *0*001 ohm. As it has got a high o. m. f. and low internal 
resistance, heavy and steady currents can he obtained from such a cell. 
This is not possible in the case ol a primary cell which has very high 
internal resistance. 

(2) As the reactions are reversible, it can be recharged. 

(3) It can be used for lighting buildings, operating cars, etc, where 
strong currents are needed. 

Despite all these advantages, it has got a few disadvantages also. 
It is very heavy and therefore, cannot be transported easily. Its cost 
is quite appreciable in comparison to a primary cell Apart Irom this, 
it requires very careful handling- If it is not properly charged at the 
proper time, it wilt bo render*! useless. 

(ft) Alkali accunulstot ( Edison cell )'•— It consists of a steel 
plated container containing 20% solution of potassium hydroxide which 
constitutes the dec*rolye. The positive plate is made up of nickel 
plated perforated steel tubes filled with nickel hydroxide mixed with 
finely divided nickel. The negative plate is also in the form of 
perforated iron tubes filled with iron oxide con taming finely divide iron. 
Thus, the +ve plate is of nickel wLIlo-ve plate is that of Iron, wad 
hence it is called Nl FF. cell. ( 

Charging .—Current is passed In the cell from an external 
source to that it passes from the nickel oxide phto to the iron oxide 
plate with in the cell. The r sic lions are as follows — 

Al Iks fmifiw plats 

2 Si (OH)»+ 2 (OHhsflJi (OII)i+2— vo elementary charge*. 

At th* ntgolivt plate : — 

Fe (ol I)s + 2K*=Fe + 2KOH +• 2 elementary + v» charge. 

Thus, daring charging positive plate is coaverted in to NT (0 II)»» 
while the negative plate is roijcod to iron. 



1 Electricity 

Discharging : -During discharge, tha current flows in the cell 
in the reverse direction given by the following reactions 
At the positive plate •— 

2Ni (OH),+ 2K + =2Ni (Oil), + 2KOH + 2 elementary + ve 

. , . charges. 

At the negative plate l— 

Fa + 20H~=Fe ( OH ’i + 2 elementary— ve charges. 

The cell can be recharged after discharge. It is clear from the 
reactions th"t the concentration of KOH remains the same during charge 
and discharge. XVkea fully charged its e. m. f. is about US volts 

Advantages' — 1. It has got great mechanical strength, and is 
less sensitive to mechanical vibrations. As the tubes are Quito strong, 
there is no danger of buckling of the plates. Hence it possesses 
longer life. 

' 2. It can be rapidly charged or discharged, without any damage 

to the plates. It can even withstand short circuiting and reverse 
.charging. Hence, it requires very little attention and care. 

3. For the same capacity it is only half as hravy as the lead 
accumulator. 

(t 4. Even when left idle for a longer time its *. m. f. remains 
, constant, 

’ Despite all these advantages, its cost is very high. It is costlier 
than a lead aecumulater. Its efficiency is also quite low compared to 
lead aecumulater, and its e, m. 1. continuously falls duriug discharge. 

1 Charging of an accumulator.'— (a) Where D. C. (Direct cur- 
rent) supply is available, connect the accumulator to be charged to D.C. 
mains with a variable h ig*i resistance In «erie9. High re»i .taaca can be 
obtained by employing an electric bulb. The current from the mains 
should eater the cell from the -f ve terminal. The current in the cell is 
adjusted to the desired strength with the help of the variable high resis- 
tance. It is very important to see that the current flowing through the 
cell is kept at a value *p*3fi*l by the rruaufssturn*. Usually It h 
written ea the cell it self. *J to at » hich strength of the current It it to 
be charged. When a bad aarumvlator is fully c.Wged the der.Mty of 
[V, »dd becomes I ‘25 get, *« cx. »hub cm U U*ud ti* help of 
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-a hydrometer. When tha alkali accumulator is fully charged its e.tn.f. 

; becomes 1*35 volts. 

fb) When the supply available at a particular place is A. C. 
(Alternating current) as generally is the case, first of all the potential 
difference at which the current is supplied is lowered with the help of a 
step-down transformer. The current is then rectiiied by a rectifier so 
that it becomes unidirectional UU.C. This unidirectional current is 
then used to charge the accumulators in the same way as described 
above. Generally rectifiers are available in the market u, Inch supply 
current either at 1 2 volts or 6 volts, potential difference. A rheostat 
' is provided In the instrument it self to adjust the current to any 
• desired value. 

Oral questions '-—Keys' — l. What is the use of keys ? 2. Explain 
tlie use of a commutator. 

Galvanometer*: — Explain the principle of a moving coll 
galvanometer, 4. Is the magnet used permanent or an electro magnet ? 
J. Why the pole pieces are made, .cylindrical, and an iron core 
» placed at the centre of the coil ? 6. What is difference between 
•a suspended coil type and pivoted coil typo galvanometer ? 
7, Which typo is mote sensitive and why ? 6. Why the coil is deflec- 
ted when the current is passed through it ? 9. Explain when the gal- 
vanometer is said to be dead beat type ? bow is it secured in practice, 
and why is it made dead beat ? 

Ammeters, and voltmeter*:— 10. What do you uidmtandby 
a shunt ? XI, Distinguish between a galvanometer, an ammeter and a 
voltmeter. 12. Why an ammeter has low resistance while a voltmeter 
has high resistance? 13, How these two nre connected m the circuit 
jmd why 114. Why should the current enter in these instruments only 
from the positive terminal ? 15. How can you chango the raajo of 
these instruments 1 16. What is a millrammeter and n milli-voltmeter ? 
17. Can you measure A. C. current or A. C. voltage with these 
instruments 1 If not, why ? 18. Describe a hot wire ammeter and a 
hot wire voltmeter ? 19. Can you measure D. C. current with a hot 
wire ammeter 1 23. How can an A. C. instrument be distinguished 
from that of a D. C. instrument ? 

Rheostat* and Re*l»t*nce boats: —21. Why the reusiaaw wire 
used for their construction is usually of m anganin ? Can you tala copper 


J 
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d! "!»' 11 ”3! *l» > 2i. my ft, ), ixUr m ml ! 
.3. Which ft I lay U ftiperior for the construction of a resistance wire and 
why ? 24. What do you understand by specific resistance of a material 7 
2S. Give the construction of a resistance box ftnd a variable resistance 
(i. e. a sJieostat). Which is more costly sc«J why 7 36. llcr.v are thedille- 
renl resi stands arranged m a resistance box 7 27. What is the use of 
infinity plug > /i. Why the coifs in the rheostat are msu fatal from 
one another? - f. Explain the meaning of 2031. 2 amp. written on 
the instrument ? 

Vr]miey ceth :~—30. Exphuo the principle of primary cells, and 
desctibo Daniel) cell and Lechnche cell. 3 1. Wnat do you understand 
by the e.m.f. of a cell, and explain how is it generated J 32. Should 
the cells bo freshly prepared white starting the experiment 7 33. What 
Ore the delects of these cells and bow are they eliminated ? 34. Describe 
a standard cell. 35. Can these cells be employed to obtain a constant 
supply of current ? 

Secondary cells J— 31. Explain the principle of a secondary cell? 

32. How does ft differ from a primary cell 7 33. Why is it called an 
accumulator 7 3*. What types of accumulators are generally employed 
in the laboratory ? 35. What fs the difference between an add accu- 
mulator and an alkali accumulator ? 36. Compare and contrast the two 
types of accumulators ? 37. What is infernal resistance of a cell and how 
has it been minimised in case of an accumulator. 3S. What do you 
understand by the capacity of an accumulotor 7 39. What do you 
mean by 40 amp. at two hour? rate 7 43. How is their capacity in- 
creased ? 41. How are they charged again ? 42. When should they 
be put for recharging and why 7 43. What are their demerits ? 

43. Give reactions taking place in both the types of accumulators 
while charging and discharging 7 44. Explain the functions of a rocti- 
fiet 7 45. Why these cells are charged at a constant current 7 46. Why 
should not they be short circuited 1 


Upto 5 I MnOj being sohd.it is not able 



■No. i and 6 are secondary cells and ara also called accrnulatora. II tbeif e m l. goes below 1.8 or 1.2 respectively, 
tliey should not bo used but first recharged. They ate costly and hence, their use is recommended only when 
steady current is needed. 
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**«M.uf*u often, such a Ijr* ««• 0/ absolutely 
d<Lu’‘nh*re»! ou: it* •nt.re tngth. Therefore. these 

w.'retn . '*''*'* *’■*"»*'*** *T "a™** • comparatively short 

** f " l!?> 11 burnt * T ' ot rwufanco colli as shown in f,'g. I 



Fig. 1 / 

The resistance of each coil is .ejun! to the resistance of the wire. 
Normally ten such coils are taken, and put ia series with a wire 
f generally of 50 cm. length), upon which slidea'the jockey J. ] :is ‘ 
Connected to the — vo terminal of the secondary circuit. Nil a contact 
maker. which slides over the studs of the coils. K is .connected to the 
+ve terminal of the secondary circuit ( see fig. 2 ). By this arrange- 
ment any number of coils can be taken in the circuit for comparison 
purposes, hence the length of the potentiome'er wire can be altered. 
The slide wire is generally divided into 100 equal divisions. The 
length of each coil is taken to be - equal to 100 divisions. _ ( Suppose 
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the contact maker K is lying on coil no. 7, and J b M 25th divis 
then the balancing length will be =7 x If 0 + 25=725 di visions, ) 


Theory For both the cases the potentiometer wire can 
regarded as a single a ire as shown in fig. 2. The connections 
self explanatory. 



Suppose R and S are the two resistances to be competed. 
i'i and »| be the rttsufy current flowing respectively through the pote 
meter wire AD. and the two resistances R ami S. Lei V, and Vi 
rarpocti rely the potential diffrrenco across R and S. Now if I, is 
balancing length of too potentiometer wire (e-Ac* there is no cut 
in the dJlritncmeter ). when the p. 4. V, acroa R n balanced 
it, we have. 

V|«R t» —I, * (if, wh(»e x is the potential grai 

along the a ire AD. 

Similar ly let A be the Inlaucing length ol the pjtontUmetCT i 
when p. ■ l. Vi across S is balanced on it, we have. 

v,=s ... 

Dy dviJiaj W by W we get. 

R'S=/,'/j ... ... fi,0 

Method !~l. MaVe neat R-d Iig't connection* *t i'-ows 
fig, (2\ To start a ith. coanort t'e re trrrrirml o! the bat‘*ri 
to the rad A. w* >ts t 1 -* — ** tmr.-.aaJ to the rod It through 
r tuRjt Ri and Key K,. Tib t o r a ti terra tf • primary crreslt. Jo-. 
rslA to tie Ur— .sal X of a Sw way ley, Cosscti V to j*ii 


' • >>■ r. r, |, „ 


XZ.UZJ? 1 1 SVi '’' 


•*■ ttWCShM*, 

”1" T * r,j 3 

* fc *T K*. Thu .r, , 4 ’ 

circuit. 

ta * # h ' , *’ ,, ' ,r terminals M ami U of Rtsd 

" jk "MW'ir. »».! low« 

N «»! ' lo H. tom,.,, Q p ^ 

no 5* rw ’ x * Adjij*l II, »thrn ten.nl! potontiil dlllere nee is s 

fccktn. J 0nJ *,' ; Sl ” hi " l ' ,oX •»! Q so V. Clou, K. tend bm! ‘ 
In fhT i r 0n0 "* A ° f ,ha w,ro rresa. Note the direction of ddtetio 

2!Z, ,T' ter - ^ emovo jockey to other end ami repeat A 

», . Ur °' deflection in (he galvanometer is in the cfpesiu 

Rnnrr\fw^^r ln *i l ‘ OT 'l °' e co,r>cl M K is concerned. Determine the 
.. uo 0 * h ® lenght /, corresponding to tho /. d. 

7 tUsconnect P from X; and Q from Y. and join X to E 
and Y to F and repeat the nbove procedure, d the deflection in tie 
c* . n °^ 1 ° mes 'PP°*He ns before, connections are correct lor 

. _.T'. lm * Jefem,io « the approximate value of the balancing 
length /. corresponding to the f. d. across S. It /,>/, ; R>S or vice- 
versa . t e deflection in the galvanometer is one sided in either case, 
the connections are wrong and test for the following. 


( i ) The higher potential terminals M and U of K and S should 
be connected to the terminals P and E of the key. 


(ii) Vi and V, are not individually Jess than the p.d. across the 
potentiometer wire. It is an essential condition for obtaining null point 
that Vi and V. should be lass than the p.d. across the potentiometer 
wire. To secure this either increase R. or decrease Rj. 


(»»’ ^ s *'^ l!) e deflection remains one sided test whether battery 
B, is fully charged cr not. 

5. Now connect the terminals X and Y to the two ends of the 
psis.ance Ror S which ever is higher {which may be known from step 


fix. H 1 
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4). Adjust the rheostat R, so that the balance point Is obtained near 
about the end B i. e. balancing: length becomes large. This adjustment 
increases the sensitiveness of the fo entiamctcr. and at the same time 
the p. A. hilueen A and B remains mart than V, or V* which are to be 
compared. 

To determine I, 6. Connect P to X and Q to Y, so that p.d. 
across R is balanced on the potentiometer wire. Slide the jockey and 
obtain a null point when there is no deflection in the galvanometer. For 
the final adjustment remove the shunt from the galvanometer. Measure 
the length of the wire from the end A to this point. This gives !■> the 
balancing length corresponding to the p.d. across R. 

To determine ft ' — 7- Disconnect P from X and Q from Y. and 
join X to E and Y to F and repast the above procedure (now pd. 
across S is being compared!. Similarly obtain the new balancing length 
ft corresponding to the p.d. Vi across S. It is extremely important that 
during taking one set of readings for /, and 1». the current i t and it 
should remain constant in the two circuits. This will be one set. 

8. Change Ri and Rr (decrease Rt or increase R,). and again 
taka another set. la this way take at least five or six different sets fot 
I, and t>. 

9. Determine the ratio —■ from each set. Than determine the 

h 

mean ratio 


Observations: — 
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n«ult The ratio between the two resistances K- and ‘ 

S 

Precautions and sources of error: — 1. The most important 
point to be borne in mind, in this experiment is that p.d. between the 
two ends A ami B of the potentiometer wire should always remain 
greater than the potential difference Vi or Vj across R or S; If this 
condition is not satistied, deflection in the galvanometer will be only 
Qne sided, 

' 2, R I should bo adjusted for the maximum sensitiveness of the 

potentiometer. 

• 3. Do not forget to put a shunt across the galvanometer It 

should 'bo removed only near tho null point. 


4. The resistances R or S should not be disturbed or mishandled 
during the experiment while comparing V t and V*. 

5. Currents should be passed in the two circuits only when taking 
readings, .otherwise heating will start altering the values of R and S. 

' 6. Jockey should be pressed against the wire only for a small 

time. Do not slide the Jockey with contact on. It causes the deforma- 
tion of the wire. 

7. A11 tho higher potential terminals should be connected nt One 

point, i. e. A and of the wire. 

Criticism ■' — This method is quite satisfactory. Tho slight error 
present is due to the non-uniformity of tho potentiometer wire, and tho 
inconsistency of tho am.fjol tho two Imtlenes employed. This 
method is specially suited for tho comparison of two nearly btv 
resistances, for greater accuracy Crompton's potentiometer should 
be used. 

Modification*:— I. To dttcrmifie an unknown resilience wlfh 
the fcdp ° r * potentiometer. 

By the above process detefmi.no the ratio It H U 


S caa to determined. For this purpose It is taken Jn !*•* form 
^ CC ° 1 * :3 • aa» to** *•'**“ should bo taken to choose incfi a resistance 
°j 1 rasutano* box that [, and It are caropuibUt. 'f!.» b nwawary 
jvxa a. ' ^frni^i-uflifjrmi^ of t'& win. 
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Hot. aver, ii the unknown r«,i>tnnceS is very low, the following method 
should be employed. 

2. To determine a low re*i>tance by pot.ntiometer. 

Hint* *1. Mite neat awl tight con - k>- ions as shown tn 
figure 4. R is a resistance box ami S is the -nkno v n re 1 irtan. . Make 
primary ami secondary circuits as described abo.'e 

2. Taken two way key wrtn terminal* \ Y t > .i -ct the 
higher potential terminal M of R. U- to the hij i r poti iti J uid A of 
the potentiometer .wire. 


UU-ftiMtf 


f Ei. 


ht f 


• n » s _ /, 

“ R ~ U 


" s= 0r-) 

calculate! knowing /, ami 

>*• Detetmm® tho mmrj 


ft. whon R is known, S on 
value of S If w.ll com® out to 


b® 

be 


Jit ohms. 


Of»t Question* *1. Describe a potentiometer givin g it* 
riinripto of working. 2. What is the nn of a pjtentiometer ? How 
many types of potentiometers you know, and which is the best? 3. What 
is potential gradient ? 4. How can you increase or decrease the 

potential gradient ? 5, Is it possible to employ primary cells in the 
primary and tho secondary circuits, tf no. why ? 6. Why is It 
necessary that the snms curren* should How through both of the 
resistances which are being compared ? 7. What should be the order 
of the resistances you are comparing ? 8. Why should they be 
nearly ejual ? 9. Ic this method suitabe for comparing high 

resistances ? 10, How will you determine low rerista nee by this 
method? 11. Why is it essential that tho potential deference across 
the two resistances must be separately less than tho potential d ffarenca 
across fho potentiometer wire ? 12. Wnat do you understand by 
null point in this method ? 13. Explain when there will bo no 
current in the galvanometer ? 14. When is the potentiometer most 

sensitive ? 15. Why the wire oi the potentiometer must be of 
uniform cross-section ? 16. Can you determine the specific resistance 
of a wire by potentiometer, it yes. how ? 



EXPERIMENT No. 18 

Experiment' - To calibrate a voltmeter with the help of a poten- 
tiometer. 

Apparatus A potentiometer, two accumulators, two reheostats, 
a galvanometer, a voltmeter, shunt, two way key, one way keys, conne- 
cting wires etc. 

Description of the apparatus '• - See experiment no 17. 

Theory '•—•The connections are self explanatory (sec fig. l). In 
th s experiment, the same potential difference is simultaneously measured 
with the help of a potentiometer and the given voltmeier. Hence the 
error in the reading of the instrument is determined. 1 o obtain this, the 
potential gradient along the wire is found out with the help of a stan- 
dard cell. If the standard cell is not available which is generally the 
case, Daniel! celt can bo employed In its place, and its e.m f . may be 
taken as T09 volts. 

Let It be the balancing length of the potentiometer wire, when the 
eun.f. Eof a Danieil cell is balanced on it. Then, we have, 

E=J, x ( where * is the potential gradient along the 
potentiometer wire). 



I.et ft be the balancing length of the wire when potential diffe- 
rence V> across the portion MW of the rheostat is balanced on it. Then, 
we have. 

Vt “ xh —( u) 

From eons. (0 and (ii) we have, 

v,=E '• (.a) 

Let the reading in the voltmeter for the same potential difference 
across the portion MW of the rheostat be Vs. Then the error in the 
rending of the instrument will be =V,— Vj. A» the contact W is vari- 
able the voltmeter can be calibrated for its full range. A graph is then 




Fig. 1 

Method ]. Make neat and tight connections as shown ia fig. 1. 
Connect tho end A of the potentiometer wire to the < vo terminal of the 
battery B„ am! the end II to the — ve terminal of the bn tery through 
the reheostnt R, and key K t . Evidently the potei tin! of the point A is 
higher than that of B It constitutes the primary circuit 

2. C'-nnect the fixed terminal M of the rbeo-tat to the f ve termi- 
nal of tlio ba tery Bj- and the other fixed terminal N to the — ve termi- 
nal of the battery through a key K*. Evidently the potential of the 
terminal M is higher than ta at of N i.e. SI is a hig l er potential terminal. 
It consitutes the secondary circuit. 

3. Join the + ve pole of DanioJl cell to the end A. and the - ve 
pole to the tetmina] X of a tno way key. 

4. Connect the higher potential terminal SI of the rheostat to 
the end A, and the variable terminal \V to the terminals V of the key. 

$. Join the middle terminal Z to lie jockey J through a 
galvanometer G. Put a shunt across the galvanometer. 

6. Connect the higher potential terminal SF and variable terminal 
Wof the rheostat respectively to the + ve and — ve terminals of the 


given voltmeter. 

7. Close the key K f and by adjusting ftj and the rheostat 
SIN. obtain full scale deflection la the voltmeter. Now close K.« If 
the full scale deflection in the voltmeter is more than, the o. ra. f. of 
Parnell cell, connect Z to Y i. «- the sliding contact W to the 
Jockey J through the galvanometer. 1 / the full S=nle deflection is le«s 
than the e. m. f. of Daniel/ cell, connect X to Z i. e. “ vo polo of the cell 
ro the jockey though the gal.-anorneteri Now try to, obtain Me 
approximate balance paint « nenm- /o ,Uc<«J Clae^lc. 
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This ensure i maximum sensitivity of (he tn&lcumeni and 
same lime the t otential differeuc between the two ends A and l 
remains more than the potential difference which is to be comj 
If the deflection remains one sided and null point is not obtasnal 
the "ire A B, follow the following procedure ■ 

(a) Either reduce the resistance in R, , so that the current i 
primary circuit increases, increasing p. d. between the ends A and 

fb) Or increase the number of accumulators in the pi 
circuit so that p. d. between the ends A and B increases. 

Remember that p. d. between A and B should always r 
more than the p. d. which is to be measured. 

Suppose the maximum range of the given voltmeter is ■ 
volts. Then 10QO cm. of potentiometer wire should balance aga 
p. d. of 3 volts. Hence for 1 volt the length of the wire shoe 
approximately 1000/3= J JO cm. say. So while calibrating 
potentiometer wire with the help of a Daniell oelt. see tha 
balancing length is near about 330 cm. 

To determine I, '• — 

8. Connect X and Z and adjust the joefce? J, so that 
is no deflection in the galvanometer. Determine this bat 
length Ii of the potentiometer wire corresponding to the e. 
E of Daniell cell. This gives (), Thus, the potontit 
wire is calibrated. Remove the shunt while making final adjustm 

To determine t% •' — 

9. Disconnect X from Z. and join Y to Z. close K» 
by sliding the contact IV, so adjust that the voltmeter 
0.1 or O 2 volt. Now determine tbe balancing length fi oi 
potentiometer wire corresponding to the p. d. across the portion 
of the rheostat Evidently yon ore balancing the potentiometer 
corresponding to the p. d which is also being measured directly b 
voltmeter. 

10. Note down the reading in the voltmeter. Let it 1 
Calculate the tree value V* for the same p. d. with the fct 
formula (in), and determine the error. V, — Vj, 


1.50 J 


Electricity 
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11. By sliding \V change the p. d. across'the terminals M and 
W. \V should be so moved that the reading in the voltmeter may 
increase in steps of O. I or O. 2 volt. Again for each reading in the 
voltmeter determine the balancing length, and calculate the corres- 
ponding error. Follow this procedure till the deflection in voltmeter 
is full scale. 

1 7. Draw a grapn between the observed readings of the volt- 
meter end the corresponding errors. 

Hotel — Some time* It is batter to take a fixed resilience R In place 
of the rheostat MN. ss shown In Kg. 3. The voltmeter Is put ecross the 
two terminals oi the fixed resilience. 



Fir. 2 

lathi* «*»• the p. d. *-r>« It I» varied by adjusting |h* 
Mta: p* The rest of the pramluee is the anme. This method I » 
tecut t-W— while «h*n*iaf p. d. I He /h*. (nations are and hence 


Otferr*** 0 ** 
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Calculi lions — Calculate Vi in each case from fo.mula iii) 

£ 

— — volt/cm. 

ft 

E-j,*- .volte. 

Result : — The graph between the observed readings aad the 
corresponding errors will be as shown in fig. 3. It is called the calibration 
curve for the voltmeter. 

precautions end sources 
of error 1. All the higheT 
potential terminals should be 
connected to the end A of 
the potentiometer wire. 

2. The storage batteries 
used must be fully charged, 
and posass large capacities, 
so that their em. fc. may 
remain constant during the 
F ’ 1 *' 2 3 performance of rise eiperitnent 

3. The potential difference across the two ends A and B of the 



t 






us i 


isiectrraty 
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11. By sliding W change the p. d. across the terminals M and 
W. W should bo so moved that the reading in the voltmeter may 
increase in steps of O. I or 0.7 volt. Again /or each reading 'in the 
voltmeter determine the balancing length, and calculate the corres- 
ponding error. Follow this procedure till the deflection in voltmeter 
is full scale. 

17, Draw a grapa between the observed readings of the volt 
meter and the corresponding errors. 

Sole Some times it ti butler to take a (lied resistance R in place 
of the rheostat UN, at shown in fig. 2, The voltmeter (« put across the 
two terminal! of the fixed resistance. 



V/- 

B Z 

/ 


Fig. 2 

la this case the p. d. across R is varied by adjusting the 
tat Rr- The rest of the procaJuee (s the game. This method la 
because while changing p. d. (ho fluctuations are lose, and hence 

Obeemtlon* 

JlJ E. Jf, F. rf the DanieU cell (E) * f 0? volts. 

/ 
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Observation table fori, ond Jf, 


S.N. 

Balancing length 
corresponding to 
i the e. m. f. of cell 
bsi 

Balancug length 

corresponding to 
the p. d. across 
the portion MW 
of the rheostat or 

Actual 

pui 

V.=E^ 

Obsered 

p.d.in 

voltmeter 

volts 


in cm. 

the refinance box 
Ut) 

la volts 

in volts 


1 1 

2 






1C 







Xof»:— The reading* lor thebalaoclng longh I, «hou!d he taken twice at 
thrice during the experiment to eaeuce, whether tt remetne the 


Calculation* — Calculate V* in each case from fo. inula iiil 

j? 

ss — volt/cm. 


Result The graph between the observed readings and the 
corresponding errors will be as shown in fig. J. It is called the calibration 


precaution* aud lourecs 
of error :~I, AH the higher 
potential terminals should bo 
oonrtoctod lathe end A of 
the potentiometer wire. 

2. The storage batteries 
nsel must be fully charged, 
and possess large capacities, 
so that their eun, fs-may 
remain constant during the 
^*8- 3 performance of die experiment. 

3. The potential difference across the two ends A and D of the 
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f r.x. H 


IT Uv IV > i - j. .( ury*! 1 * M tj*J 

H W < l i iM I »• .> n > «J t at t k rcadim; in Mi» il’nntnr may 
\n-tf iwn ■-•"l- f»> for" 2 ib ml • jr >-i< 'r r^ufing in the 
>/irn»-tcr <! '<*r» in" fr 1-ihn jng In n</» inr | ■ 1 1 t l t » . orr«' 

(Miding eri it 1 i II n i ii« jirj Mur- i'll IioMiIimi m .olttvefer 

IS fill] MlJ- 

12. Pru* a jfPtpn Ixltiw t> o.'iscr M readmes o/ t'm /olt 
me I or run] the < oiTpspandin ; errors 

!ltn»i I' l< fcefler to lake a Sited reilutanre R In place 
of (he rfteoefel UN e» jh j»n In tuj. 2 The vultitieier it pul ecrojf the 
two lermlnelt of the fixed refinance. 



I ig. 2 

in this cvse the p. d. across K is wined by - adjust.^ the 

ostat R». The rest of the procMiwe is the same. I'"’ iy 

:er because while chr 
point is not disturb. 

Obsereatlon* — 

[Jj. E. M. F. ol ** 
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EXPERIMENT No. 19 

Experiment '—To calibrate an ammeter with ri e htlp of a 
potentiometer 

Apparatus '• — A potentiometer. two socumulators, two rheostats, 
galvanometer, a standard One ohm resistance coil, the ammeter which 
is to be coiibrated. shunt, two way key, Two one way keys, connecting 
wires etc. 

Description of the apparatn*.'— See experiment No. 17, 

Theory ‘ The connections are self explanatory ( see fig. t )« In 
this experiment the same current is simultaneously measured with the 
hetp of a potentiometer and the jpvea ammeter. Henae the error its 
the given instrument is determined. 

Let f, be the balancing tenjph of the potentiometer wire when die 
E. M. F. E of a Darnell cell is balanced on it. Then we have. 

E=/i* I where x is the potential gradient along 
the potentiometer wire J. 

*=E/f, .(•) 

Let ft be the balancing length of the potentiometer wire when 
P. D. Vi across the two ends of a standard resistance R is hs lanced on 
t. Then we have. 

Vt=*f» (ii> 

From (I) and (2) wo have, 

V.=e£ (uil 

If t'l is the current flawing in the standard xeeisanco R and the 
sinister. 

(iv) If the standard 


... M. 

ting the value of V* from ega. (}) in egn. (5) we g*t, 
i.=E i W 


swtaoce is a one ohm coil. 

•»*V» ... 




u. 


«v K.. 


*** s o ^a^e.-y 

It anstnucs the 


0 J»Ie 



t e ti-rini-nJ \ o' t \ . 


I 'i m • II 


J1 tin- 


+. Join the higner pote-iti »I trritu nl 
end A . .m<l the liner jwfe iti .1 lenm • il to 


ol t'ie jie « 
t ie terminal 


o i I \ and t’io 


hm cod to t ie 
/- 01 1 18 I >0 


5 Jam the middle terminal V to the jockey / through a gal 
vanometor G. Put a shunt ..cross the g dwuwmeter. 


6 Close K*. and by adjusting R,. obtim full scale de/Jectioa in 
he ammeter. If corresponding to this i U |J scale deflection, the potential 
Inference between the t.Vo e ids of the one ohm coil is greater than the 
.111 f . of the Parnell cell, connect / to V. i.e the lower potential tuTOnn.il 
[ t'ie >n«t ohm coll to the jockey On tho other hand if for the full sc iJe 
tflecli >u the potential difference is less than the e.m f. of the Darnell 




\ 
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1. Same iu in ft# pe/ma experiment. 

2. The ammeter ahoutl tie connected in the secondary drcull fa 
*ueh a way that the current in It ahould slerayt enter (tan the pyiitie* 
terminal. 

J. Ml the «nrw OJnn«ti«g the higher potential tocroioali ehould 
be led toe-anl* the hitfirr potential terminal of the potentiometer wire. 

CrlrUlim • — fine prerioax experiment. The penantag* accuracy 
a* drtcribol before depend* upon the follx-nog factor*, (i) The coat- 
toner of the battery e.m.f, (u) accurate kanWpi of the a jnJ. of the 
iHoiell cell (iii) uniformity of the pnteatwmerer e-ire. (iv) accurate 
knowledge of the value of the cUndard rs»i«txrr* (»] and constancy of 
the po-ential gradient. Yen greater accuracy Ion nod of an ordinary an* 
ohm roil, atoudard rwiataaoe oil choull t* taken. 

Oral qoeeilone r— 

1. S*i experiment » 17 and H, Z. What d» yoa traiivwani 
by the t»l bratraa of aa am ut it anl to* i» it Aw > J, Why a ttxo- 
Awi one ohnj Mil h peeferTiel la the Monndtfy erre-t, can ym taw any 
value cf the r*«5to.nr* 1 4. U the cal.'eaiian cf tie py estiomerw erfre 
Awe a=ccr»te’r afth the help of a I»*o*3 c*3 1 5. Can yaa *xc*t 
any better cellf* e»kbfar*r» rwrpJaa. ’ t~ Pj yx loan a r ~ T a£xr taetho d 
of ealbcatir* aa u-r~ie?ee 1 We «ci cf t*j» ceelaix ti «qa vne vsl » l -y j 
7- Can yrta *ai b ala e-altw^i* an! n-Tr*<r* fcrn.-.haneo-^iy > JJ y«e 
bo*l . . 


IMrJuui ir . isi* | H|J , 
Qnro suppled l.y th a 

'<1 * re-IxJv.li ely , ,nn 
sips All and |'C 

18 ' JOikey l) ,}, lJas 
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Determination of end correction 


£ Hi 


no current in the galvanometer ) lie nt a distance l, era. from the' end A 
which b connected to the resistant* X. Then, the resistances R and 
would be respectively proportional to the lengths l. and ( IKHi )cm> 
of the bridge wire. Hence relation (0 will became. 


X. U 
Y ttOO -»,) 


(i.) 


Often the soldering of the wire with the brass s' rips is defective. 
The solder spreads at the ends forming an alloy with the bridge wire. 
As the specific resistance of this alloy is different from that of the 
bridge wire, the resistance nt the wive at the two ends changes (tom its 
initial value. Furthermore, the two ends o! the wire may not exactly 
coincide with the O and 100 cm. divisionsof the scale i.e. thescalemay be 
slightly disturbed. Due to this error the length o f the w no as read on the scale 
may be slightly more or less than the actual value, depending upon the 
position of the zero. Moreover, the brass strips also possess some 
resistance, Alt thpse factors introduce ftrioin extra riJisluH.-es at fhe 
ftps ends, which are known as end corrections. Where accuracy is (a be 
obtained these end corrections are not too small to be neglected, 

Let these end resistances at the left and the tight end be respecti- 
vely equal to the resistance ol « and P cm length of the bridge wire. 
Then, the corrected length of the two segments of the wire would bo 
f» + ° and 100— fi+fl. Therefore, equation (u) becomes. 


X _ . 

Y ~ I00-J,+P 

Let the resistances • X and Y bo interchanged. If the pew 
balance point lies at a dis'anco of l« cm. from the left end A which 1$ 
bow connected to the resistance Y, we have. 


JL — u T ° /.A 

X 100-lr+P ' 

Solving *jii) and (iv) we get 

<v) ( . 

(vi) , J 

Knowing X. Y. A, and A, « and P can be determine! 


. - Yl,— Xfi 
~ X-Y *' 

P = 

H X— Y 





ire Ij -v . , , 

To determine 

r \'trr fill ■ 

balance |ioi it o i t t I r i - r 
inilu ttti d by no dell- ’i i • i 
and determine the u\ t 1 if » . ( , , j ( ( , 
distance of the null jo • non • « ) • , i \ 
l, twice and then find out •>) an / 

Srtt —The -ull r m* wi' ]e ea . 
bridge wire 

To determine h — 



7. Non inter. ’-ange t e two rc \ , ,1 \ tt i n t 

left gap the resistance ia— 10 unm wnlem r lor , t „ | , n ' 

As described above again determine tl . I Jan,. ( , t i ,j,| Jt , 
distance of this new balance j >oi it igjip from tie leit.iif \ j t (l 

7,. Similarly determine l, twice ind t' en Uihl o it i <•.< t /, 

(fete .— In lhl« cue the null point will li« « t ihe o-hor enJ j / j Jt) „, fo 


Y V ^ 
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8. Keeping the valns of X=1 ohm. change the value of 1 
20 ohm and determine the corresponding lengths l, and It. 

T tike atleast two to throe set* tor /, and /«. 

9. Calculate a and fi from each set. and then determine tfo 
r each ® and P. 


Obterratlom 






EXPERIMENT No. 21 

fixperlraent -'—To calibrate the Gareyfoxter’s "bridge wire (i. a. to 
determine refinance per amt length of tho afro), and then to determine 
difference between two nearly equal resistances. 

Apparatus '• — A Careyfaster's bridge, Leclnncho cell, galvatio- 
meter, rheostats, two coils each of one ohm resistance, resistance box, 
fractional resistance box. copper strips, the two resistances ehich are to 
bo compared, key. shunt wire, connecting wires etc. 

Description of the apparatus • ~ It is the modified form of a 
metre br*lgc. A Cnreyfarfer'e bridge, ooosista of a metre long wire of 
uniform -cross section stretched along a wooded board, Tho wire is 
made of an alloy of high specific resistance and low temperature coeffi- 
dent,{of ureka or naanganm', and runs parallel to a met’e scale also 
fixed on tho board The ends of the wire are soldered to two thick 
brass snips. Tbeoritically speaking tho two ends should coincide 
rmpectively with 0 and IOC cm. divisions marked on the scale. Three 
brass strips running parallel to the wire ate fixed On the board between 



*'» _ * r 'Fig.’l ' • 

the twO~brass strips soldered at the two ends. These five strips of brass 
constitute four gaps as shown in fig. 1,’ Terminals with 'binding screws 
are provided on all these stops- • The twtY resistances X aitd Y which 
are to be compared are conmcted in he 0 “ler gaps of the biidge. They 
are in series mih the bridge wire. Tna two nearly equal , resistances 
I' aud Q *re:pifl in the inner 'gaps AB and. BC (generally they are one 
ahm eods). . .tReet s£ thenonneKtious ape self explanatory. i 
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